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(57) ABSTRACT 

Disclosed are a communication path determination method 
and device, which solve the problems of low transmission 
efficiency and long transmission time delay which may be 
caused by the existing path which is configured for a small 
cell needing to access a network for directly communicating 
through a wireless channel between the small cell and a 
macro base station. The method comprises: when a wireless 
node needs to access a network, acquiring, by the wireless 
node, an optimal communication path from same to the 
network; and communicating, by the wireless node, with the 
network through the acquired optimal communication path, 
wherein the optimal communication path indicates the wire 
less node to access the network through at least one auxiliary 
node, and at least one of the at least one auxiliary nodes is 
a wired node which is directly connected to the network. 
Since the wireless node accesses the network and commu 
nicate with the network through at least one auxiliary node 
with the function of being capable of providing the data 
forwarding service for other nodes, the quality and perfor 
mance of data transmission between the wireless node 
needing to access the network and the network are 
improved, and the transmission efficiency of the wireless 
node is improved. 
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METHOD AND APPARATUS FOR 
DETERMINING A COMMUNICATION PATH 

(ASAMENDED) 
0001. This application claims the benefit of Chinese 
Patent Application No. 201410114311.0, tiled with the Chi 
nese Patent Office on Mar. 25, 2014 and entitled “Commu 
nication Path Determination Method and Device', the con 
tent of which is hereby incorporated by reference in its 
entirety. 

FIELD 

0002 The present invention relates to the field of com 
munications, and particularly to a method and apparatus for 
determining a communication path. 

BACKGROUND 

0003. In a Long Term Evolution (LTE) system, nodes at 
the network side are generally connected over wired links, 
that is, eNBs are connected over wired links, and the eNBs 
and core network nodes (e.g., a Mobility Management 
Entity (MME), a Serving Gateway (S-GW), etc.) are also 
connected over wired links, as illustrated in FIG. 1. 
0004 Alike in an architecture with a radio relay node, 
legacy eNBs are also connected over wired links, and the 
eNBs and core network nodes are also connected over wired 
links; and the relay node and a Donor eNB (DeNB) serving 
the relay node communicate via a wireless interface, as 
illustrated in FIG. 2. 
0005. In future development of a mobile communication 
system, as there are growing transmission rates and capaci 
ties as demanded by users for radio broadband services, one 
of working means to improve the capacity and the through 
put of a network is ultra-dense deployment of access nodes 
to better satisfy the demand of the users. As can be expected, 
more access nodes will be sure to be introduced in an area 
with a significant throughput demand in the future to thereby 
greatly increase the density of deployment in a cell. Each 
Small cell covers only a small area in which the users 
proximate to each other can be provided with high trans 
mission efficiency. On the other hand, in order to better 
address the issues of interference coordination between the 
different small cells, and mobility of the users, the small cell 
need to have some dependency upon a macro cell covering 
a large area, that is, there is an interface required between the 
Small cells and the macro cell to transmit control signaling 
and even user data. 
0006 If the small cells are deployed densely, then wired 
backhaul links (i.e., links between the small cells and the 
network) may not be deployed in all the scenarios, so 
wireless backhaul links will be also a typical scenario for the 
sake of convenient deployment, and convenient of the 
nomadic access nodes. In Such a scenario, the Small cells 
need to communicate with the network side nodes and/or a 
macro station covering a large area via a wireless interface. 
0007. In the prior art, if there is a small cell to be 
connected with a network over a wireless path, then the 
Small cell will generally communicate wirelessly with a 
macro station directly. However in a common scenario, for 
example, where there is a long distance between the Small 
cell and the macro station, there is a shielding obstacle 
between the Small cell and the macro station, etc., there may 
be such a poor quality of a radio channel between the Small 
cell and the macro station that if the Small cell communicates 
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wirelessly with the macro station directly, then there may be 
low transmission efficiency, and a significant transmission 
delay. 

SUMMARY 

0008 Embodiments of the invention provide a method 
and apparatus for determining a communication path so as 
to address the problem in the prior art that if a small cell to 
access a network is configured with a path for direction 
communication over a radio channel between the Small cell 
and a macro station, then there may be low transmission 
efficiency, and a significant transmission delay. 
0009. An embodiment of the invention provides a 
method for determining a communication path, the method 
including: 
0010) obtaining, by a radio node to access a network, an 
optimum communication path between the radio node and 
the network; and 
0011 communicating, by the radio node, with the net 
work over the optimum communication path obtained; 
0012 wherein the radio node is instructed over the opti 
mum communication path to access the network through at 
least one secondary node, and at least one of the at least one 
secondary node is a wired node connected directly with the 
network. 
0013. In an embodiment, obtaining, by the radio node to 
access the network, the optimum communication path 
between the radio node and the network includes: 
0014 selecting, by the radio node, one of nodes around 
the radio node with a function capable of providing another 
node with a data forwarding service as a first-hop secondary 
node through which the radio node accesses the network, 
and which is connected directly with the radio node, and 
determining the optimum communication path between the 
radio node and the network as accessing the network 
through the first-hop secondary node: 
0.015 or 
0016 determining, by the radio node, the at least one 
secondary node in the optimum communication path 
between the radio node and the network according to a 
preconfigured correspondence relationship between the 
radio node and the secondary node, and determining the 
optimum communication path between the radio node and 
the network as accessing the network through the at least one 
secondary node: 
0017 or 
0018 receiving, by the radio node, the at least one 
secondary node, notified of by the network side node, 
selected by the network side node for the radio node, and 
determining the optimum commutation path between the 
radio node and the network as accessing the network 
through the at least one secondary node, wherein the net 
work side node determines the optimum commutation path 
between the radio node and the network according to 
obtained information about an access of the radio node to the 
network. 
0019. Furthermore selecting, by the radio node, one of 
the nodes around the radio node with a function capable of 
providing another node with a data forwarding service as the 
first-hop secondary node through which the radio node 
accesses the network, and which is connected directly with 
the radio node includes: 
0020 selecting, by the radio node, a node satisfying a 
preset condition from the nodes around the radio node with 
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a function capable of providing another node with a data 
forwarding service as the first-hop secondary node through 
which the radio node accesses the network, and which is 
connected directly with the radio node; or 
0021 transmitting, by the radio node, a first request 
message to the nodes around the radio node with a function 
capable of providing another node with a data forwarding 
service, and selecting one of the nodes as the first-hop 
secondary node through which the radio node accesses the 
network, and which is connected directly with the radio 
node, according to a received first response message 
returned by the at least one node around the radio node with 
a function capable of providing another node with a data 
forwarding service, wherein the first request message 
requests for an access to the network through the node 
receiving the first request message, and the first response 
message notifies the radio node to access the network of 
whether the node transmitting the first response message is 
capable of acting as a secondary node for the radio node to 
access the network. 
0022. In an embodiment, before the radio node receives 
the at least one secondary node, notified of by the network 
side node, selected by the network side node for the radio 
node, the method further includes: 
0023 measuring, by the radio node, signals transmitted 
by the nodes around the radio node with a function capable 
of providing another node with a data forwarding service, 
and reporting measured first measurement results to the 
network side node to request the network side node for 
determining the optimum communication path for the radio 
node; or 
0024 measuring, by the radio node, signals transmitted 
by the nodes around the radio node with a function capable 
of providing another node with a data forwarding service, 
and reporting those first measurement results satisfying a 
preset threshold among measured first measurement results 
to the network side node to request the network side node for 
determining the optimum communication path for the radio 
node. 
0025. Further to any one of the embodiments above, 
determining, by the radio node, the nodes around the radio 
node with a function capable of providing another node with 
a data forwarding service includes: 
0026 determining, by the radio node, that any one node 
transmitting indication information has a function capable of 
providing another node with a data forwarding service, upon 
reception of a message carrying the indication information 
transmitted by the node, wherein the indication information 
indicates that the node has a function capable of providing 
another node with a data forwarding service; or 
0027 transmitting, by the radio node, a first message to 
the respective nodes around the radio node, and determining 
that any one node transmitting a second message has a 
function capable of providing another node with a data 
forwarding service, upon reception of the second message 
returned by the node, wherein the first message requests for 
the second messages to be returned by those nodes with a 
function capable of providing another node with a data 
forwarding service among the respective nodes around the 
radio node. 

0028. In an embodiment, before the radio node receives 
the at least one secondary node, notified of by the network 
side node, selected by the network side node for the radio 
node, the method further includes: 
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0029 transmitting, by the radio node, a detecting signal 
to the nodes around the radio node, wherein the nodes 
around the radio node measure the detecting signal upon 
reception of the detecting signal, and report measured sec 
ond measurement results, or those second measurement 
results satisfying a preset threshold among the measured 
second measurement results to the network side node to 
request the network side node for determining the optimum 
communication path for the radio node; or 
0030 transmitting, by the radio node, a first request 
message to the nodes around the radio node with a function 
capable of providing another node with a data forwarding 
service, wherein the first request message requests for an 
access to the network through the nodes receiving the first 
request message, and if the nodes receiving the first request 
message determine that they are capable of acting as sec 
ondary nodes for the radio node to access the network, then 
the nodes transmit second request messages to the network 
side node, wherein the second request messages notify the 
network side node that the nodes transmitting the second 
request messages are capable of acting as secondary nodes 
for the radio node to access the network. 
0031. Further to any one of the embodiments above, 
communicating, by the radio node, with the network over 
the obtained optimum communication path includes: 
0032) obtaining, by the radio node, from information 
preconfigured by the network side node a resource config 
ured by the network side for communication between the 
radio node and a first-hop secondary node connected directly 
therewith in the optimum communication path, and com 
municating with the first-hop secondary node over the 
resource configured by the network side node; or 
0033 receiving, by the radio node, resource configura 
tion information transmitted by the network side node, 
obtaining a resource configured by the network side node for 
communication between the radio node and a first-hop 
secondary node connected directly therewith in the optimum 
communication path, and communicating with the first-hop 
secondary node over a resource reconfigured by the network 
side node; or 
0034 reporting, by the radio node, the amount of data to 
be transmitted by the radio node, to the network side node: 
and receiving, by the radio node, resource configuration 
information transmitted by the network side node, obtaining 
a resource configured by the network side node for current 
communication between the radio node and a first-hop 
secondary node connected directly therewith in the optimum 
communication path, and transmitting the data to be trans 
mitted, to the first-hop secondary node over the resource 
configured by the network side node; or 
0035) determining, by the radio node, a resource for use 
in communication with a first-hop secondary node con 
nected directly with the radio node in the optimum commu 
nication path, by negotiating with the first-hop secondary 
node. 

0036 Further to any one of the embodiments above, 
communicating, by the radio node, with the network over 
the optimum communication path obtained includes: 
0037 transmitting, by the radio node, uplink data to be 
transmitted to the network side node, to a first-hop second 
ary node connected directly with the radio node in the 
optimum communication path, wherein the first-hop sec 
ondary node transmits the uplink data to the corresponding 
network side node over a channel between the first-hop 
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secondary node and the network according to a locally 
stored mapping relationship between the channel of the 
first-hop secondary node to the network, and a channel of the 
first-hop secondary node to the radio node; and 
0038 receiving, by the radio node, downlink data, from 
the network side node, transmitted by a first-hop secondary 
node connected directly with the radio node in the optimum 
communication path, wherein the first-hop secondary node 
determines the radio node corresponding to the downlink 
data transmitted by the network according to the locally 
stored mapping relationship between the channel of the 
first-hop secondary node to the network, and a channel of the 
first-hop secondary node to the radio node, and forwards the 
downlink data to the radio node determined, upon reception 
of the downlink data. 
0039. Further to any one of the embodiments above, the 
method further includes: 
0040 if the radio node determines that a link quality 
between the radio node, and a first-hop secondary node 
connected directly with the radio node in the optimum 
communication path is below a preset threshold, then dis 
connecting from the first-hop secondary node, and reselect 
ing a new optimum communication path for an access to the 
network; or 
0041 if the radio node receives a notification message 
transmitted by a first-hop secondary node connected directly 
with the radio node in the optimum communication path, 
then disconnecting from the first-hop secondary node, and 
reselecting a new optimum communication path for an 
access to the network, wherein the notification message 
notifies the radio node that the first-hop secondary node is 
not capable of continuing with providing the radio node with 
a data forwarding service. 
0042. An embodiment of the invention provides another 
method for determining a communication path, the method 
including: 
0043 determining, by a network side node, any one radio 
node to access a network; and 
0044 determining, by the network side node, an opti 
mum communication path between the radio node and the 
network, wherein the radio node is instructed over the 
optimum communication path to communicate with the 
network through at least one secondary node, and at least 
one of the at least one secondary node is a wired node 
connected directly with the network. 
0045. In an embodiment, determining, by the network 
side node, the optimum communication path between the 
radio node and the network includes: 
0046 selecting, by the network side node, those nodes 
satisfying a preset condition from the respective nodes 
located around the radio node and capable of providing 
another node with a data forwarding service, by measuring 
in advance, determining the at least one secondary node in 
the optimum communication path between the radio node 
and the network according to paths between the selected 
respective nodes and the network, and configuring the radio 
node and the selected respective secondary nodes respec 
tively with a correspondence relationship between the radio 
node and the selected at least one secondary node: 
0047 or 
0048 determining, by the network side node, the opti 
mum communication path between the radio node and the 
network according to obtained information about an access 
of the radio node to the network, 
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0049 Furthermore determining, by the network side 
node, the optimum communication path between the radio 
node and the network according to the obtained information 
about an access of the radio node to the network includes: 

0050 receiving, by the network side node, first measure 
ment results reported by the radio node, selecting those 
nodes satisfying a preset condition from the respective nodes 
located around the radio node and capable of providing 
another node with a data forwarding service according to the 
received first measurement results, determining the second 
ary nodes in the optimum communication path between the 
radio node and the network according to paths between the 
respective nodes and the network determined, and notifying 
the radio node and the selected respective secondary nodes, 
wherein the first measurement results are obtained by the 
radio node measuring respectively signals transmitted by the 
respective nodes around the radio node with a function 
capable of providing another node with a data forwarding 
service or 

0051 receiving, by the network side node, a second 
measurement result reported by at least one node around the 
radio node to access the network with a function capable of 
providing another node with a data forwarding service, 
selecting those nodes satisfying a preset condition from the 
respective nodes reporting the second measurement results 
according to the received second measurement results, 
determining the secondary nodes in the optimum commu 
nication path between the radio node and the network 
according to paths between the selected respective nodes 
and the network, and notifying the radio node and the 
respective secondary nodes determined, wherein the second 
measurement results are obtained by the nodes, around the 
radio node to access the network with a function capable of 
providing another node with a data forwarding service, 
measuring a detecting signal transmitted by the radio node: 
O 

0.052 receiving, by the network side node, a second 
request message transmitted by at least one node around the 
radio node to access the network with a function capable of 
providing another node with a data forwarding service, 
selecting those nodes satisfying a preset condition from the 
respective nodes transmitting the second request messages, 
determining the secondary nodes in the optimum commu 
nication path between the radio node and the network 
according to paths between the selected respective nodes 
and the network, and notifying the radio node and the 
respective nodes determined, wherein the second request 
messages notify the network side node that the nodes 
transmitting the second request messages are capable of 
acting as secondary nodes for the radio node to access the 
network. 

0053. Further to any one of the embodiments above, the 
method further includes: 

0054 pre-configuring, by the network side node, a 
resource for communication between nodes connected 
directly in the optimum communication path, and configur 
ing the resource to the radio node, and the at least one 
secondary node in the optimum communication path; or 
0055 reconfiguring, by the network side node, an avail 
able resource for communication between nodes connected 
directly in the optimum communication path according to a 
current resource use condition of the network, and config 
uring the resource to the radio node, and the at least one 
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secondary node in the optimum communication path via 
resource configuration information; or 
0056 configuring, by the network side node, a resource 
for communication between nodes connected directly in the 
optimum communication path according to a current 
resource use condition of the network, and the amounts of 
data to be transmitted by the respective nodes in the opti 
mum communication path, and configuring the resource to 
the radio node, and the at least one secondary node in the 
optimum communication path via resource configuration 
information. 
0057. Further to any one of the embodiments above, the 
method further includes: 
0.058 if the network side node needs to transmit down 
link data to the radio node, then determining a first-hop 
secondary node connected directly with the radio node in the 
optimum communication path, and transmitting the down 
link data to the first-hop secondary node aver a channel 
between the first-hop secondary node and the network so 
that the first-hop secondary node forwards the downlink data 
to the radio node. 
0059. Further to any one of the embodiments above, the 
method farther includes: 
0060 determining, by the network side node again, an 
optimum communication path between the radio node and 
the network upon reception of a notification message trans 
mitted by a first-hop secondary node connected directly with 
the radio node in the optimum communication path, wherein 
the notification message notifies the network side node that 
the first-hop secondary node is not capable of continuing 
with providing the radio node with a data forwarding 
service. 
0061 An embodiment of the invention provides a radio 
node including: 
0062) a path obtaining module configured, if the rod in 
node including the path obtaining module needs to access a 
network, to obtain an optimum communication path 
between the radio node and the network; and 
0063 a communicating module configured to communi 
cate with the network over the optimum communication 
path obtained by the path obtaining module; 
0064 wherein the radio node is instructed over the opti 
mum communication path to access the network through at 
least one secondary node, and at least one of the at least one 
secondary node is a wired node connected directly with the 
network. 
0065. In an embodiment, the path obtaining module is 
configured: to select one of nodes around the radio node with 
a function capable of providing another node with a data 
forwarding service as a first-hop secondary node through 
which the radio node accesses the network, and which is 
connected directly with the radio node, and to determine the 
optimum communication path between the radio node and 
the network as accessing the network through the first-hop 
secondary node; or to determine the at least one secondary 
node in the optimum communication path between the radio 
node and the network according to a preconfigured corre 
spondence relationship between the radio node and the 
secondary node, and to determine the optimum communi 
cation path between the radio node and the network as 
accessing the network through the at least one secondary 
node; or to receive the at least one secondary node, notified 
of by the network side node, selected by the network side 
node for the radio node, and to determine the optimum 
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commutation path between the radio node and the network 
as accessing the network through the at least one secondary 
node, wherein the network side node determines the opti 
mum commutation path between the radio node and the 
network according to obtained information about an access 
of the radio node to the network. 
0.066 Furthermore the path obtaining module configured 
to select one of the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service as the first-hop secondary node through 
which the radio node accesses the network, and which is 
connected directly with the radio node is configured: 
0067 to select a node satisfying a preset condition from 
the nodes around the radio node with a function capable of 
providing another node with a data forwarding service as the 
first-hop secondary node through which the radio node 
accesses the network, and which is connected directly with 
the radio node; or to transmit a first request message to the 
nodes around the radio node with a function capable of 
providing another node with a data forwarding service, and 
to select one of the nodes as the first-hop secondary node 
through which the radio node accesses the network, and 
which is connected directly with the radio node, according 
to a received first response message returned by the at least 
one node around the radio node with a function capable of 
providing another node with a data forwarding service, 
wherein the first request message requests for an access to 
the network through the node receiving the first request 
message, and the first response message notifies the radio 
node to access the network of whether the node transmitting 
the first response message is capable of acting as a secondary 
node for the radio node to access the network, 
0068. In an embodiment, the path obtaining module is 
further configured: before the at least one secondary node, 
notified of by the network side node, selected by the network 
side node for the radio node is received, to measure signals 
transmitted by the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service, and to report measured first measure 
ment results to the network side node to request the network 
side node for determining the optimum communication path 
for the radio node; or before the at least one secondary node, 
notified of by the network side node, selected by the network 
side node for the radio node is received, to measure signals 
transmitted by the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service, and to report those first measurement 
results satisfying a preset threshold among measured first 
measurement results to the network side node to request the 
network side node for determining the optimum communi 
cation path for the radio node. 
0069. Further to any one of the embodiments above, the 
path obtaining module configured to determine the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service is configured: 
0070 to determine that any one node transmitting indi 
cation information has a function capable of providing 
another node with a data forwarding service, upon reception 
of a message carrying the indication information transmitted 
by the node, wherein the indication information indicates 
that the node has a function capable of providing another 
node with a data forwarding service; or to transmit a first 
message to the respective nodes around the radio node, and 
to determine that any one node transmitting a second mes 
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sage has a function capable of providing another node with 
a data forwarding service, upon reception of the second 
message returned by the node, wherein the first message 
requests for the second messages to be returned by those 
nodes with a function capable of providing another node 
with a data forwarding service among the respective nodes 
around the radio node. 

0071. In an embodiment, the path obtaining module is 
further configured: 
0072 before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node is received, to transmit a detecting signal 
to the nodes around the radio node, wherein the nodes 
around the radio node measure the detecting signal upon 
reception of the detecting signal, and report measured sec 
ond measurement results, or those second measurement 
results satisfying a preset threshold among the measured 
second measurement results to the network side node to 
request the network side node for determining the optimum 
communication path for the radio node; or before the at least 
one secondary node, notified of by the network side node, 
selected by the network side node for the radio node is 
received, to transmit a first request message to the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service, wherein the 
first request message requests for an access to the network 
through the nodes receiving the first request message, and if 
the nodes receiving the first request message determine that 
they are capable of acting as secondary nodes for the radio 
node to access the network, then the nodes transmit second 
request messages to the network side node, wherein the 
second request messages notify the network side node that 
the nodes transmitting the second request messages are 
capable of acting as secondary nodes for the radio node to 
access the network. 

0073. Further to any one of the embodiments above, the 
communicating module is configured: 
0074 to obtain from information preconfigured by the 
network side node a resource configured by the network side 
for communication between the radio node, and a first-hop 
secondary node connected directly therewith in the optimum 
communication path, and to communicate with the first-hop 
secondary node over the resource configured by the network 
side node; or to receive resource configuration information 
transmitted by the network side node, to obtain a resource 
configured by the network side node for communication 
between the radio node, and a first-hop secondary node 
connected directly therewith in the optimum communication 
path, and to communicate with the first-hop secondary node 
over a resource reconfigured by the network side node; or to 
report the amount of data to be transmitted by the radio node, 
to the network side node; and to receive resource configu 
ration information transmitted by the network side node, to 
obtain a resource configured by the network side node for 
current communication between the radio node and a first 
hop secondary node connected directly therewith in the 
optimum communication path, and to transmit the data to be 
transmitted, to the first-hop secondary node over the 
resource configured by the network side node; or to deter 
mine a resource for use in communication with a first-hop 
secondary node connected directly with the radio node in the 
optimum communication path, by negotiating with the first 
hop secondary node 

Apr. 13, 2017 

0075. Further to any one of the embodiments above, the 
communicating module is configured: 
0076 to transmit uplink data to be transmitted to the 
network side node, to a first-hop secondary node connected 
directly with the radio node in the optimum communication 
path, wherein the first-hop secondary node transmits the 
uplink data to the corresponding network side node over a 
channel between the first-hop secondary node and the net 
work according to a locally stored mapping relationship 
between the channel of the first-hop secondary node to the 
network, and a channel of the first-hop secondary node to the 
radio node; and to receive downlink data, from the network 
side node, transmitted by a first-hop secondary node con 
nected directly with the radio node in the optimum commu 
nication path, wherein the first-hop secondary node deter 
mines the radio node corresponding to the downlink data 
transmitted by the network according to the locally stored 
mapping relationship between the channel of the first-hop 
secondary node to the network, and a channel of the first-hop 
secondary node to the radio node, and forwards the down 
link data to the radio node determined, upon reception of the 
downlink data. 

0077. Further to any one of the embodiments above, the 
path obtaining module is further configured: 
0078 if it is determined that a link quality between the 
radio node, and a first-hop secondary node connected 
directly with the radio node in the optimum communication 
path is below a preset threshold, to disconnect the radio node 
from the first-hop secondary node, and to reselect a new 
optimum communication path for an access to the network; 
or if a notification message transmitted by a first-hop sec 
ondary node connected directly with the radio node in the 
optimum communication path is received, to disconnect the 
radio node from the first-hop secondary node, and to reselect 
a new optimum communication path for an access to the 
network, wherein the notification message notifies the radio 
node that the first-hop secondary node is not capable of 
continuing with providing the radio node with a data for 
warding service, 
0079 An embodiment of the invention provides a net 
work side node including: 
0080 a first processing module configured to determine 
any one radio node to access a network; and 
I0081 a second processing module configured to deter 
mine an optimum communication path between the radio 
node and the network, wherein the radio node is instructed 
over the optimum communication path to communicate with 
the network through at least one secondary node, and at least 
one of the at least one secondary node is a wired node 
connected directly with the network, 
I0082 In an embodiment, the second processing module 
is configured: 
I0083 to select those nodes satisfying a preset condition 
from the respective nodes located around the radio node and 
capable of providing another node with a data forwarding 
service, by measuring in advance, to determine the at least 
one secondary node in the optimum communication path 
between the radio node and the network according to paths 
between the selected respective nodes and the network, and 
to configure the radio node and the selected respective 
secondary nodes respectively with a correspondence rela 
tionship between the radio node and the selected at least one 
secondary node; or to determine the optimum communica 
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tion path between the radio node and the network according 
to obtained information about an access of the radio node to 
the network. 
0084. Furthermore the second processing module config 
ured to determine the optimum communication path 
between the radio node and the network according to the 
obtained information about an access of the radio node to the 
network is configured: 
0085 to receive first measurement results reported by the 
radio node, to select those nodes satisfying a preset condi 
tion from the respective nodes located around the radio node 
and capable of providing another node with a data forward 
ing service according to the received first measurement 
results, to determine the secondary nodes in the optimum 
communication path between the radio node and the net 
work according to paths between the selected respective 
nodes and the network, and to notify the radio node and the 
respective secondary nodes determined, wherein the first 
measurement results are obtained by the radio node mea 
Suring respectively signals transmitted by the respective 
nodes around the radio node with a function capable of 
providing another node with a data forwarding service; or 
I0086 to receive a second measurement result reported by 
at least one node around the radio node to access the network 
with a function capable of providing another node with a 
data forwarding service, to select those nodes satisfying a 
preset condition from the respective nodes reporting the 
second measurement results according to the received sec 
ond measurement results, to determine the secondary nodes 
in the optimum communication path between the radio node 
and the network according to paths between the selected 
respective nodes and the network, and to notify the radio 
node and the respective secondary nodes determined, 
wherein the second measurement results are obtained by the 
nodes, around the radio node to access the network with a 
function capable of providing another node with a data 
forwarding service, measuring a detecting signal transmitted 
by the radio node; or 
0087 to receive a second request message transmitted by 
at least one node around the radio node to access the network 
with a function capable of providing another node with a 
data forwarding service, to select those nodes satisfying a 
preset condition from the respective nodes transmitting the 
second request messages, to determine the secondary nodes 
in the optimum communication path between the radio node 
and the network according to paths between the selected 
respective nodes and the network, and to notify the radio 
node and the respective nodes determined, wherein the 
second request messages notify the network side node that 
the nodes transmitting the second request messages are 
capable of acting as secondary nodes for the radio node to 
access the network. 
0088. Further to any one of the embodiments above, the 
network side node further includes a third processing mod 
ule configured; 
0089 to pre-configure a resource for communication 
between nodes connected directly in the optimum commu 
nication path, and to configure the resource to the radio 
node, and the at least one secondary node in the optimum 
communication path; or to reconfigure an available resource 
for communication between nodes connected directly in the 
optimum communication path according to a current 
resource use condition of the network, and to configure the 
resource to the radio node, and the at least one secondary 
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node in the optimum communication path via resource 
configuration information; or to configure a resource for 
communication between nodes connected directly in the 
optimum communication path according to a current 
resource use condition of the network, and the amounts of 
data to be transmitted by the respective nodes in the opti 
mum communication path, and to configure the resource to 
the radio node, and the at least one secondary node in the 
optimum communication path via resource configuration 
information. 
0090. Further to any one of the embodiments above, the 
network side node further includes a fourth processing 
module configured: 
0091 if downlink data need to be transmitted to the radio 
node, to determine a first-hop secondary node connected 
directly with the radio node in the optimum communication 
path, and to transmit the downlink data to the first-hop 
secondary node over a channel between the first-hop sec 
ondary node and the network So that the first-hop secondary 
node forwards the downlink data to the radio node. 
0092. Further to any one of the embodiments above, the 
second processing module is further configured: to deter 
mine again an optimum communication path between the 
radio node and the network upon reception of a notification 
message transmitted by a first-hop secondary node con 
nected directly with the radio node in the optimum commu 
nication path, wherein the notification message notifies the 
network side node that the first-hop secondary node is not 
capable of continuing with providing the radio node with a 
data forwarding service. 
0093. An embodiment of the invention provides another 
radio node including a transceiver, and at least one processor 
connected with the transceiver, wherein: 
0094 the processor is configured, if the radio node 
including the processor needs to access a network, to obtain 
an optimum communication path between the radio node 
and the network; and to communicate with the network over 
the obtained optimum communication path; 
0.095 wherein the radio node is instructed over the opti 
mum communication path to access the network through at 
least one secondary node, and at least one of the at least one 
secondary node is a wired node connected directly with the 
network. 
0096. In an embodiment, the processor is configured: to 
select one of nodes around the radio node including the 
processor with a function capable of providing another node 
with a data forwarding service as a first-hop secondary node 
through which the radio node accesses the network, and 
which is connected directly with the radio node, and to 
determine the optimum communication path between the 
radio node and the network as accessing the network 
through the first-hop secondary node; or to determine the at 
least one secondary node in the optimum communication 
path between the radio node including the processor and the 
network according to a preconfigured correspondence rela 
tionship between the radio node and the secondary node, and 
to determine the optimum communication path between the 
radio node and the network as accessing the network 
through the at least one secondary node; or to receive 
through the transceiver the at least one secondary node, 
notified of by the network side node, selected by the network 
side node for the radio node including the processor, and to 
determine the optimum commutation path between the radio 
node and the network as accessing the network through the 
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at least one secondary node, wherein the network side node 
determines the optimum commutation path between the 
radio node and the network according to obtained informa 
tion about an access of the radio node to the network. 

0097. In an embodiment, the processor configured to 
select one of the nodes around the radio node including the 
processor with a function capable of providing another node 
with a data forwarding service as the first-hop secondary 
node through which the radio node accesses the network, 
and which is connected directly with the radio node is 
configured: 
0098 to select a node satisfying a preset condition from 
the nodes around the radio node including the processor with 
a function capable of providing another node with a data 
forwarding service as the first-hop secondary node through 
which the radio node accesses the network, and which is 
connected directly with the radio node; or to trigger the 
transceiver to transmit a first request message to the nodes 
around the radio node including the processor with a func 
tion capable of providing another node with a data forward 
ing service, and to select one of the nodes as the first-hop 
secondary node through which the radio node accesses the 
network, and which is connected directly with the radio 
node, according to a first response message, received 
through the transceiver, returned by the at least one node 
around the radio node with a function capable of providing 
another node with a data forwarding service, wherein the 
first request message requests for an access to the network 
through the node receiving the first request message, and the 
first response message notifies the radio node to access the 
network of whether the node transmitting the first response 
message is capable of acting as a secondary node for the 
radio node to access the network. 

0099. In an embodiment, the processor is further config 
ured: before the transceiver receives the at least one sec 
ondary node, notified of by the network side node, selected 
by the network side node for the radio node including the 
transceiver, to measure signals transmitted by the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service, and to trigger 
the transceiver to report measured first measurement results 
to the network side node to request the network side node for 
determining the optimum communication path for the radio 
node; or before the transceiver receives the at least one 
secondary node, notified of by the network side node, 
selected by the network side node for the radio node 
including the transceiver, to measure signals transmitted by 
the nodes around the radio node with a function capable of 
providing another node with a data forwarding service, and 
to trigger the transceiver to report those first measurement 
results satisfying a preset threshold among measured first 
measurement results to the network side node to request the 
network side node for determining the optimum communi 
cation path for the radio node. 
0100 Further to any one of the embodiments above, the 
processor configured to determine the nodes around the 
radio node with a function capable of providing another 
node with a data forwarding service is configured: 
0101 to determine that any one node transmitting indi 
cation information has a function capable of providing 
another node with a data forwarding service, after the 
transceiver receives a message carrying the indication infor 
mation transmitted by the node, wherein the indication 
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information indicates that the node has a function capable of 
providing another node with a data forwarding service; or 
0102 to determine that any one node transmitting a 
second message has a function capable of providing another 
node with a data forwarding service, after the transceiver 
receives the second message returned by the node, wherein 
the transceiver transmits a first message to the respective 
nodes around the radio node, and the first message requests 
for the second messages to be returned by those nodes with 
a function capable of providing another node with a data 
forwarding service among the respective nodes around the 
radio node. 

0103) Further to any one of the embodiments above, the 
processor is further configured: 
0104 before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node including the processor is received, to 
transmit a detecting signal to the nodes around the radio 
node, wherein the nodes around the radio node measure the 
detecting signal upon reception of the detecting signal, and 
report measured second measurement results, or those sec 
ond measurement results satisfying a preset threshold among 
the measured second measurement results to the network 
side node to request the network side node for determining 
the optimum communication path for the radio node; or 
before the at least one secondary node, notified of by the 
network side node, selected by the network side node for the 
radio node including the processor is received, to transmit a 
first request message to the nodes around the radio node with 
a function capable of providing another node with a data 
forwarding service, wherein the first request message 
requests for an access to the network through the nodes 
receiving the first request message, and if the nodes receiv 
ing the first request message determine that they are capable 
of acting as secondary nodes for the radio node to access the 
network, then the nodes transmit second request messages to 
the network side node, wherein the second request messages 
notify the network side node that the nodes transmitting the 
second request messages are capable of acting as secondary 
nodes for the radio node to access the network. 

0105. Further to any one of the embodiments above, the 
processor is configured: 
0106 to obtain from information preconfigured by the 
network side node a resource configured by the network side 
for communication between the radio node including the 
processor, and a first-hop secondary node connected directly 
therewith in the optimum communication path, and to com 
municate with the first-hop secondary node over the 
resource configured by the network side node; or to obtain 
a resource configured by the network side node for com 
munication between the radio node including the processor, 
and a first-hop secondary node connected directly therewith 
in the optimum communication path according to resource 
configuration information, transmitted by the network side 
node, received by the transceiver, and to communicate with 
the first-hop secondary node over a resource reconfigured by 
the network side node; or to obtain a resource configured by 
the network side node for current communication between 
the radio node and a first-hop secondary node connected 
directly therewith in the optimum communication path 
according to resource configuration information, transmitted 
by the network side node, received by the transceiver, and to 
transmit data to be transmitted, to the first-hop secondary 
node over the resource configured by the network side node, 
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wherein the transceiver reports the amount of data to be 
transmitted by the radio node including the transceiver, to 
the network side node; or to determine a resource for use in 
communication with a first-hop secondary node connected 
directly with the radio node including the processor in the 
optimum communication path, by negotiating with the first 
hop secondary node. 
0107 Further to any one of the embodiments above, the 
transceiver is configured: 
0108 to transmit uplink data to be transmitted to the 
network side node, to a first-hop secondary node connected 
directly with the radio node including the transceiver in the 
optimum communication path, wherein the first-hop sec 
ondary node transmits the uplink data to the corresponding 
network side node over a channel between the first-hop 
secondary node and the network according to a locally 
stored mapping relationship between the channel of the 
first-hop secondary node to the network, and a channel of the 
first-hop secondary node to the radio node; and to receive 
downlink data, from the network side node, transmitted by 
the first-hop secondary node connected directly with the 
radio node including the transceiver in the optimum com 
munication path, wherein the first-hop secondary node 
determines the radio node corresponding to the downlink 
data transmitted by the network according to the locally 
stored mapping relationship between the channel of the 
first-hop secondary node to the network, and a channel of the 
first-hop secondary node to the radio node, and forwards the 
downlink data to the radio node determined, upon reception 
of the downlink data. 
0109 Further to any one of the embodiments above, the 
process is further configured: 
0110 if it is determined that a link quality between the 
radio node including the processor, and a first-hop secondary 
node connected directly with the radio node in the optimum 
communication path is below a preset threshold, to discon 
nect the radio node from the first-hop secondary node, and 
to reselect a new optimum communication path for an access 
to the network; or if the transceiver receives a notification 
message transmitted by a first-hop secondary node con 
nected directly with the radio node including the transceiver 
in the optimum communication path, to disconnect the radio 
node from the first-hop secondary node, and to reselect a 
new optimum communication path for an access to the 
network, wherein the notification message notifies the radio 
node that the first-hop secondary node is not capable of 
continuing with providing the radio node with a data for 
warding service. 
0111. An embodiment of the invention provides another 
network side node including a transceiver, and at least one 
processor connected with the transceiver, wherein: 
0112 the processor is configured to determine any one 
radio node to access a network; and to determine an opti 
mum communication path between the radio node and the 
network, wherein the radio node is instructed over the 
optimum communication path to communicate with the 
network through at least one secondary node, and at least 
one of the at least one secondary node is a wired node 
connected directly with the network. 
0113. In an embodiment, the processor is configured: 
0114 to select those nodes satisfying a preset condition 
from the respective nodes located around the radio node and 
capable of providing another node with a data forwarding 
service, by measuring in advance, to determine the at least 
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one secondary node in the optimum communication path 
between the radio node and the network according to paths 
between the selected respective nodes and the network, and 
to configure the radio node and the selected respective 
secondary nodes respectively with a correspondence rela 
tionship between the radio node and the selected at least one 
secondary node; or to determine the optimum communica 
tion path between the radio node and the network according 
to obtained information about an access of the radio node to 
the network, 
0115 Furthermore the processor configured to determine 
the optimum communication path between the radio node 
and the network according to the obtained information about 
an access of the radio node to the network is configured: 
0116 to select those nodes satisfying a preset condition 
from the respective nodes located around the radio node and 
capable of providing another node with a data forwarding 
service according to first measurement results, reported by 
the radio node, received by the transceiver, to determine the 
secondary nodes in the optimum communication path 
between the radio node and the network according to paths 
between the selected respective nodes and the network, and 
to notify the radio node and the respective secondary nodes 
determined, wherein the first measurement results are 
obtained by the radio node measuring respectively signals 
transmitted by the respective nodes around the radio node 
with a function capable of providing another node with a 
data forwarding service; or 
0117 to receive through the transceiver a second mea 
Surement result reported by at least one node around the 
radio node to access the network with a function capable of 
providing another node with a data forwarding service, to 
select those nodes satisfying a preset condition from the 
respective nodes reporting the second measurement results, 
to determine the secondary nodes in the optimum commu 
nication path between the radio node and the network 
according to paths between the selected respective nodes 
and the network, and to notify the radio node and the 
respective secondary nodes determined, wherein the second 
measurement results are obtained by the nodes, around the 
radio node to access the network with a function capable of 
providing another node with a data forwarding service, 
measuring a detecting signal transmitted by the radio node: 
O 

0118 to receive through the transceiver a second request 
message transmitted by at least one node around the radio 
node to access the network with a function capable of 
providing another node with a data forwarding service, to 
select those nodes satisfying a preset condition from the 
respective nodes transmitting the second request messages, 
to determine the secondary nodes in the optimum commu 
nication path between the radio node and the network 
according to paths between the selected respective nodes 
and the network, and to notify the radio node and the 
respective nodes determined, wherein the second request 
messages notify the network side node that the nodes 
transmitting the second request messages are capable of 
acting as secondary nodes for the radio node to access the 
network. 
0119 Further to any one of the embodiments above, the 
processor is further configured: 
I0120 to pre-configure a resource for communication 
between nodes connected directly in the optimum commu 
nication path, and to configure the resource to the radio 
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node, and the at least one secondary node in the optimum 
communication path; or to reconfigure an available resource 
for communication between nodes connected directly in the 
optimum communication path according to a current 
resource use condition of the network, and to configure the 
resource to the radio node, and the at least one secondary 
node in the optimum communication path via resource 
configuration information; or to configure a resource for 
communication between nodes connected directly in the 
optimum communication path according to a current 
resource use condition of the network, and the amounts of 
data to be transmitted by the respective nodes in the opti 
mum communication path, and to configure the resource to 
the radio node, and the at least one secondary node in the 
optimum communication path via resource configuration 
information. 
0121 Further to any one of the embodiments above, the 
processor is further configured; if downlink data need to be 
transmitted to the radio node, to determine a first-hop 
secondary node connected directly with the radio node in the 
optimum communication path of the radio node, and to 
transmit the downlink data to the first-hop secondary node 
over a channel between the first-hop secondary node and the 
network so that the first-hop secondary node forwards the 
downlink data to the radio node. 
0122 Further to any one of the embodiments above, the 
processor is further configured: to determine again an opti 
mum communication path between the radio node and the 
network after the transceiver receives a notification message 
transmitted by a first-hop secondary node connected directly 
with the radio node in the optimum communication path, 
wherein the notification message notifies the network side 
node that the first-hop secondary node is not capable of 
continuing with providing the radio node with a data for 
warding service. 
0123. The preset condition as referred to in the methods 
and the apparatus according to the embodiments of the 
invention includes at least one of 
0.124 there is an optimum link quality between the node 
and the radio node; 
0.125 the link quality between the node and the radio 
node is above a preset quality threshold; 
0126 data transmitted by the radio node can be carried 
over a backhaul link of the node: 
0127 there is the shortest transmission delay over a link 
between the node and the radio node: 
0128 the transmission delay over the link between the 
node and the radio node is below a preset delay threshold; 
0129 there is the shortest transmission delay over the 
backhaul link of the node: 
0130 the transmission delay over the backhaul link of the 
node is below a preset delay threshold; 
0131 a transmission rate over the backhaul link of the 
node is no less than a wireless interface rate; 
0132 there is the highest transmission rate over the link 
between the node and the radio node; and 
0133 the transmission rate over the link between the 
node and the radio node is above a preset rate threshold. 
0134. In the methods and the apparatus according to the 
embodiments of the invention, the radio node to access the 
network obtains the optimum communication path between 
the radio node and the network, where the radio node is 
instructed over the optimum communication path to com 
municate with the network through at least one secondary 
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node, and at least one of the at least one secondary node is 
a wired node connected directly with the network; and the 
radio node communicates with the network over the 
obtained optimum communication path, thus improving the 
quality and performance of data transmission between the 
radio node and the network, and improving the transmission 
efficiency of the radio node. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.135 FIG. 1 is a schematic diagram of the communica 
tion links between the network side nodes in the LTE system 
in the prior art; 
0.136 FIG. 2 is a schematic diagram of the architecture 
with a radio relay node in the LTE system in the prior art; 
0.137 FIG. 3 is a schematic diagram of a method for 
determining a communication path according to an embodi 
ment of the invention; 
0.138 FIG. 4 is a schematic diagram of a single-hop node 
communication path according to an embodiment of the 
invention; 
0.139 FIG. 5 is a schematic diagram of a multi-hop ode 
communication path according to an embodiment of the 
invention; 
0140 FIG. 6 is a schematic diagram of another method 
for determining a communication path according to an 
embodiment of the invention; 
0141 FIG. 7 is a schematic diagram of a radio node 
according to an embodiment of the invention; 
0.142 FIG. 8 is a schematic diagram of a network side 
node according to an embodiment of the invention; 
0.143 FIG. 9 is a schematic diagram of another radio 
node according to an embodiment of the invention; and 
014.4 FIG. 10 is a schematic diagram of another network 
side node according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0145. In the embodiments of the invention, if any one 
radio node needs to access a network, then the radio node 
will access the network and communicate with the network 
through at least one secondary node with a function capable 
of providing another node with a data forwarding service to 
thereby improve the quality and performance of data trans 
mission between the radio node and the network, and 
improving the transmission efficiency of the radio node. 
0146 The embodiments of the invention will be 
described below in further details with reference to the 
drawings. It shall be appreciated that the embodiments 
described here are merely intended to illustrate and describe 
the invention, but not to limit the invention. 
0147 An embodiment of the invention provides a 
method for determining a communication path as illustrated 
in FIG. 3, where the method includes the following opera 
tions: 

0.148. In the operation 31, if a radio node needs to access 
a network, then the radio node will obtain an optimum 
communication path between the radio node and the net 
work, where the radio node is instructed over the optimum 
communication path to access the network through at least 
one secondary node, and at least one of the at least one 
secondary node is a wired node connected directly with the 
network; 
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0149. In this operation, the radio node to access the 
network may he a radio node newly deployed in the net 
work, or if a radio node deployed in the network needs to 
access the network again, then the radio node to access the 
network will be instructed over an optimum communication 
path obtained by the radio node to access the network 
through at least one secondary node, that is, the radio node 
will be instructed over the optimum communication path to 
communicate with a network side node (e.g., a macro 
station) through the at least one secondary node. 
0150. The secondary node as referred to in the embodi 
ment of the invention is a node at least which has a function 
capable of providing another node with a data forwarding 
service, and which has the function enabled. 
0151. Here the secondary node may be a wired backhaul 
connected node (i.e., a wired node, e.g., a wired cell), or may 
be a radio backhaul connected node (i.e., a radio node, e.g., 
a radio cell), but at least one of the at least one secondary 
node involved in the optimum communication path obtained 
by the radio node in the operation 31 is a wired node 
connected directly with the network. 
0152. It shall be noted that data and signaling are trans 
mitted between a wired node among the at least one sec 
ondary node in the optimum communication path obtained 
by the radio node to access the network in the operation 31, 
and the network side node (e.g., the macro station) in a wired 
transmission protocol; and if the at least one secondary node 
includes a radio node, then the radio node will also obtain 
communication paths between the radio node and the net 
work side node, and select an optimum communication path 
for communication with the network side node, where the 
radio node can communicate with the network side node 
over a path established between the radio node and the 
network, or can reselect at least one secondary node for an 
access to the network. 
0153. Taking a newly deployed radio node as an example, 
in real deployment, if a radio node (e.g., a radio Small cell) 
needs to be deployed in some area due to an improvement 
in System capacity or throughput, then the radio node can 
access the network in there approaches, where firstly a wired 
backhaul link is deployed between the radio node and the 
macro station for direct communication (a wired backhaul 
link may not be deployed in all the places); secondly a radio 
backhaul link is deployed between the radio node and the 
macro station for direct communication (the link quality of 
the radio backhaul link may not be optimum in some 
scenarios, for example, the link quality may be below a 
preset quality threshold); and thirdly the radio node com 
municates with the network side node (e.g., the macro 
station) through at least one secondary station over the 
optimum communication path in the embodiment of the 
invention, where the link quality of the optimum commu 
nication path is higher than the link quality of the radio 
backhaul link over which the radio node accesses the 
network directly. 
0154 The optimum communication path as referred to in 

this operation refers to that the radio node to access the 
network accesses the network through the at least one 
secondary node, and the optimum communication path 
satisfies at least one of the following conditions: there is an 
optimum link quality, the link quality is above a preset 
quality threshold, there is a large transmission bandwidth, 
the transmission bandwidth is above a preset bandwidth 
threshold, there is the shortest transmission delay, the trans 
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mission delay is below a preset delay threshold, there is the 
highest link transmission rate, and the link transmission rate 
is above a preset rate threshold. 
0155 in the operation 32, the radio node to access the 
network communicates with the network over the optimum 
communication path obtained. 
0156. In this operation, the radio node to access the 
network communicates with the network side node over the 
optimum communication path obtained, that is, the radio 
node communicates with the network side node through the 
at least one secondary node. Particularly the at least one 
secondary node forwards data and signaling between the 
radio node and the network side node, that is, the at least one 
secondary node forwards uplink data transmitted by the 
radio node, to the network side node upon reception of the 
uplink data, and forwards downlink data transmitted by the 
network side node, to the radio node upon reception of the 
downlink data. 
0157. In an embodiment of the invention, the radio node 
to access the network obtains the optimum communication 
path between the radio node and the network, where the 
radio node is instructed over the optimum communication 
path to access the network through the at least one secondary 
node, and at least one of the at least one secondary node is 
a wired node connected directly with the network; and the 
radio node communicates with the network over the opti 
mum communication path obtained, thus improving the 
quality and performance of data transmission between the 
radio node and the network, and the transmission efficiency 
of the radio node, 
0158. In an embodiment, the radio node to access the 
network obtains the optimum communication path between 
the radio node and the network in the operation 31 in the 
following three approaches: 
0159. In a first approach, the radio node to access the 
network determines a communication path between the 
radio node and the network, that is, the radio node deter 
mines a secondary node in the communication path between 
the radio node and the network. 
0160. In this approach, particularly in the operation 31, 
the radio node to access the network selects one of nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service as a first-hop 
secondary node through which the radio node accesses the 
network, and which is connected directly with the radio 
node, and determines the optimum communication path 
between the radio node and the network as accessing the 
network through the first-hop secondary node selected. 
0.161 In this approach, the optimum communication path 
determined by the radio node to access the network between 
the radio node and the network includes a single-hop node 
communication path (that is, the radio node accesses the 
network through one secondary node) and a multi-hop node 
communication path (that is, the radio node accesses the 
network through at least two secondary nodes). 
0162 I. If the first-hop secondary node determined by the 
radio node to access the network is a wired node, that is, the 
first-hop secondary node is connected directly with the 
network over a wired link, then the optimum communication 
path determined by the radio node will be the radio node to 
the secondary node (i.e., the first-hop secondary node) to the 
network side node, i.e., a single-hop node communication 
path, so that the radio node can communicate with the 
network through the wired node selected by the radio node, 
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where the selected first-hop secondary node forwards data 
transmitted between the radio node and the network, over 
the wired link established between the first-hop secondary 
node and the network, particularly as illustrated in FIG. 4 
where a solid line represents a wired backhaul link, and a 
dotted line represents a radio backhaul link. 
0163 II. If the first-hop secondary node determined by 
the radio node to access the network is a radio node, that is, 
there is no wired link for direct communication between the 
first-hop secondary node and the network, then the optimum 
communication path determined by the radio node will be 
the radio node to the first-hop secondary node to a second 
hop secondary node to . . . to the network side node, 
particularly as illustrated in FIG. 5 where a solid line 
represents a wired backhaul link, and a dotted line represents 
a radio backhaul link, so that the radio node can communi 
cate with the network through the first-hop secondary node 
selected by the radio node, a path established between the 
first-hop secondary node and the network, or at least one 
secondary node selected by the first-hop secondary node for 
the first-hop secondary node to the network. 
0164 Particularly if the selected first-hop secondary node 
accesses the network over the path established between the 
first-hop secondary node and the network, then the second 
hop secondary node will be a node connected with the 
first-hop secondary node in the path established by the 
first-hop secondary node to the network, a third-hop sec 
ondary node is anode connected with the second -hop 
secondary node in the path established by the first-hop 
secondary node to the network, and so on; and 
0.165 If the selected first-hop secondary node accesses 
the network through at least one secondary node selected by 
the first-hop secondary node, then the first-hop secondary 
node will select a node satisfying a preset condition from 
nodes around the first-hop secondary node with a function 
capable of providing another node with a data forwarding 
service as the second-hop secondary node through which the 
radio node accesses the network, and which is connected 
directly with the first-hop secondary node, and the second 
hop secondary node will forward data transmitted between 
the radio node and the network over a path established 
between the second-hop secondary node and the network, or 
at least one secondary node selected by the second-hop 
secondary node for the second-hop secondary node to the 
network, and an on until it is connected with the network 
side node or a wired node, thus determining the optimum 
communication path between the radio node and the net 
work. 
0166 In this approach, the first-hop secondary node can 
alternatively be a macro station. 
0167. In this approach, the radio node to access the 
network can notify the network side node about the optimum 
communication path between the radio node and the net 
work; or the first-hop secondary node selected by the radio 
node can notify the network side node of the optimum 
communication path between the radio node and the net 
work; or the first-hop secondary node selected by the radio 
node can notify the network side node that the radio node 
accesses the network over the path established between the 
first-hop secondary node and the network. 
0.168. In this approach, the operation 31 is further per 
formed in the following two approaches: 
0169. In an approach 11, the radio node to access the 
network selects a node satisfying a preset condition from the 
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nodes around the radio node with a function capable of 
providing another node with a data forwarding service as the 
first-hop secondary node through which the radio node 
accesses the network, and which is connected directly with 
the radio node. 
0170 The preset condition as referred to in the embodi 
ment of the invention includes at least one of: 
0171 There is an optimum link quality between the node 
and the radio node; 
0172. The link quality between the node and the radio 
node is above a preset quality threshold; 
0173 Data transmitted by the radio node can be carried 
aver a backhaul link of the node: 
0.174. There is the shortest transmission delay over the 
backhaul link of the node: 
0.175. The transmission delay over the backhaul link of 
the node is below a preset delay threshold; 
(0176 A transmission rate over the backhaul link of the 
node is no less than a wireless interface rate; 
0177. There is the shortest transmission delay over a link 
between the node and the radio node: 
0.178 The transmission delay over the link between the 
node and the radio node is below a preset delay threshold; 
0179 There is the highest transmission rate over the link 
between the node and the radio node; and 
0180. The transmission rate over the link between the 
node and the radio node is above a preset rate threshold. 
0181. In this approach, the radio node to access the 
network selects the first-hop secondary node thereof from 
the nodes around the radio node with a function capable of 
providing another node with a data forwarding service under 
a preset condition, and further communicates with the net 
work over the path established between the first-hop sec 
ondary node and the network, or through the at least one 
secondary node selected by the first-hop secondary node for 
the first-hop secondary node to the network. Preferably the 
radio node to access the network communicates with the 
network through the selected first-hop secondary node over 
the path established between the first-hop secondary node 
and the network. 
0182 Particularly the radio node to access the network 
notifies the first-hop secondary node thereof after selecting 
the first-hop secondary node, and accordingly the first-hop 
secondary node determines whether to provide the radio 
node with a data forwarding service over the path estab 
lished between the first-hop secondary node and the net 
work, according to a load condition of the path established 
between the first-hop secondary node and the network; and 
if not, then first-hop secondary node selects the at least one 
secondary node for the first-hop secondary node to the 
network to establish the optimum communication path 
between the first-hop secondary node and the network. 
0183 In an approach 12, the radio node to access the 
network transmits a first request message to the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service, and selects one 
of the nodes as the first-hop secondary node through which 
the radio node accesses the network, and which is connected 
directly with the radio node, according to a received first 
response message returned by the at least one node around 
the radio node with a function capable of providing another 
node with a data forwarding service, where the first request 
message requests for an access to the network through the 
node receiving the first request message, and the first 
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response message notifies the radio node to access the 
network of whether the node transmitting the first response 
message is capable of acting as a secondary node for the 
radio node to access the network. 
0184. In this approach, the radio node to access the 
network transmits the first request message to the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service, to request for 
an access to the network through the nodes receiving the first 
request message; and accordingly the nodes receiving the 
first request message determine whether they are capable of 
acting as secondary nodes for the radio node to access the 
network, according to their link conditions (e.g., link loads, 
backhaul information between the nodes and the network, 
etc.), and notify in the first response message the radio node 
of whether they are capable of acting as secondary nodes for 
the radio node to access the network. Fore example, 1-bit 
indication information is carried in the first response mes 
sage to notify the radio node of whether they are capable of 
acting as secondary nodes for the radio node to access the 
network. 
0185. Preferably the first response message further car 
ries backhaul information between the nodes receiving the 
first request message, and the network so that the radio node 
to access the network selects one of the nodes, where the 
backhaul information includes delay information, databand 
width information, number-of-radio-hops information, etc. 
0186. In a second approach, the network side node (e.g., 
entity functioning for Operation and Maintenance (OAM), a 
macro station, a network side control node (e.g., a Mobility 
Management Entity (MME)), a Serving Gateway (SGW), a 
Packet Data Network (PDN) Gateway (PGW)) selects the at 
least one secondary node for the radio node to access the 
network by measuring in advance, and pre-configures the 
radio node with the secondary node configured for the radio 
node, that is, the network side pre-configures the radio node 
with the optimum communication path, and configures each 
radio node and the secondary node corresponding thereto 
with a correspondence relationship between the radio node 
and the secondary node. 
0187. In this approach, particularly in the operation 31, 
the radio node to access the network determines the at least 
one secondary node in the optimum communication path 
between the radio node and the network according to the 
preconfigured correspondence relationship between the 
radio node and the secondary node, and determines the 
optimum communication path between the radio node and 
the network as accessing the network through the at least one 
secondary node. 
0188 In this approach, if the network side node config 
ures the radio node to access the network with a wired node 
connected directly with the network over a wired link as a 
first-hop secondary node connected directly with the radio 
node (that is, configures one secondary node), then the 
optimum communication path configured by the network 
side node for the radio node will be a single-hop node 
communication path; and if the network side node config 
ures the radio node to access the network with at least two 
secondary nodes, then the optimum communication path 
configured by the network side node for the radio node will 
be a multi-hop node communication path. 
0189 In a third approach, the network side node deter 
mines the optimum communication path between the radio 
node to access the network, and the network (i.e., the 
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secondary node required for the radio node to the network), 
according to obtained information about an access of the 
radio node to the network, and notifies the radio node, and 
the secondary node thereof, 
0190. In this approach, particularly in the operation 31, 
the radio node to access the network receives the at least one 
secondary node, notified of by the network side node, 
selected by the network side node for the radio node, and 
determines the optimum commutation path between the 
radio node and the network as accessing the network 
through the at least one secondary node. 
0191 In this approach, if the network side node selects 
for the radio node to access the network a wired node 
connected directly with the network over a wired connection 
as a first-hop secondary node connected directly with the 
radio node (that is, selects one secondary node), then the 
radio node will determine the optimum communication path 
between the radio network and the network as a single-hop 
node communication path; and if the network side node 
selects at least two secondary nodes for the radio node to 
access the network, then the radio node will determine the 
optimum communication path between the radio network 
and the network as a multi-hop node communication path. 
0.192 This approach further includes the following three 
approaches: 
0193 In an approach 31, the network side node config 
ures the radio node to access the network with the at least 
one secondary node according to first measurement results 
reported by the radio node. 
0194 In this approach, before the operation 31, the 
method further includes: 
0.195. The radio node to access the network measures 
signals transmitted by the nodes around the radio node with 
a function capable of providing another node with a data 
forwarding service, and reports the measured first measure 
ment results to the network side node; or 
0196. The radio node to access the network measures 
signals transmitted by the nodes around the radio node with 
a function capable of providing another node with a data 
forwarding service, and reports those nodes satisfying a 
preset threshold among the measured first measurement 
results to the network side node. 
0.197 Here the radio node to access the network can 
measure using an obtained common signal (e.g., a common 
pilot signal) transmitted by each node; and since the cover 
age area of the radio node is typically so Small that the radio 
node may not be covered by the common signal, the radio 
node can alternatively measure using an obtained dedicated 
signal (e.g., a dedicated signal configured for optimizing a 
path of the radio node) transmitted by each node, particu 
larly as described in 3GPP TS 36.214. 
0198 Furthermore the network side node receives the 
first measurement results reported by the radio node to 
access the network, selects those nodes satisfying the preset 
condition from the respective nodes located around the radio 
node and capable of providing another node with a data 
forwarding service according to the received first measure 
ment results, determines the at least one secondary node in 
the optimum communication path between the radio node 
and the network according to paths between the selected 
respective nodes and the network, and notifies the radio node 
and the selected respective secondary nodes. 
0199. In an approach 32, the network side node config 
ures the radio node to access the network with the at least 
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one secondary node according to second measurement 
results reported by the nodes around the radio node. 
0200. In this approach, before the operation 31, the 
method further includes: 
0201 The radio node to access the network transmits a 
detecting signal to the nodes around the radio node, where 
the nodes around the radio node measure the detecting signal 
transmitted by the radio node, and reports the second mea 
surement results of the measurement to the network side 
node, upon reception of the detecting signal. 
0202 Furthermore the network side node receives the 
second measurement results reported by the nodes around 
the radio node to access the network with a function capable 
of providing another node with a data forwarding service, 
selects those nodes satisfying the preset condition from the 
respective nodes located around the radio node and capable 
of providing another node with a data forwarding service 
according to the received second measurement results, 
determines the at least one secondary node in the optimum 
communication path between the radio node and the net 
work according to the paths between the selected respective 
nodes and the network, and notifies the radio node and the 
respective secondary nodes determined. 
0203. In an approach 33, the network side node deter 
mines for the radio node to access the network the optimum 
communication path to the network upon reception of sec 
ond request messages transmitted by the nodes around the 
radio node with a function capable of providing another 
node with a data forwarding service. 
0204. In this approach, before the operation 31, the 
method includes: 
0205 The radio node to access the network transmits a 

first request message to the nodes around the radio node with 
a function capable of providing another node with a data 
forwarding service, where the first request message requests 
for an access to the network through the nodes receiving the 
first request message, and the nodes receiving the first 
request message transmit the second request messages to the 
network side node upon determining that they are capable of 
acting as secondary nodes for the radio node to access the 
network, where the second request messages notify the 
network side node that the nodes receiving the second 
request message are capable of acting as secondary nodes 
for the radio node to access the network. 
0206 Preferably the second request messages further 
carries backhaul information between the nodes receiving 
the first request message, and the network so that the 
network side node selects one of the nodes, where the 
backhaul information includes delay information, databand 
width information, number-of-radio-hops information, etc. 
0207. Further to any one of the embodiments above, the 
radio node to access the network determines the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service as follows: 
0208. The radio node determines that any one node 
transmitting indication information has a function capable of 
providing another node with a data forwarding service, upon 
reception of a message carrying the indication information 
transmitted by the node, where the indication information 
indicates that the node has a function capable of providing 
another node with a data forwarding service; or 
0209. The radio node transmits a first message to the 
respective nodes around the radio node, and determines that 
any one node transmitting a second message has a function 
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capable of providing another node with a data forwarding 
service, upon reception of the second message returned by 
the node, where the first message requests for the second 
messages to be returned by those nodes with a function 
capable of providing another node with a data forwarding 
service among the respective nodes around the radio node. 
0210. Further to any one of the embodiments above, in 
the operation 32, the radio node to access the network 
communicates with the network over the obtained optimum 
communication path in the following fourth approaches: 
0211. In a first approach, the radio node to access the 
network obtains from information preconfigured by the 
network side node a resource configured by the network side 
for communication between the radio node and the first-hop 
secondary node connected directly therewith in the optimum 
communication path of the radio node, and communicates 
with the first-hop secondary node over the resource config 
ured by the network side node. 
0212. In this approach, the network side node configures 
statically the resource for the optimum communication path 
of the radio node, where the network is planed so that a 
resource for communication between any two directly con 
nected nodes in the optimum communication path of the 
radio node is determined, and configured, for example, by an 
OAM system, to the respective nodes in the optimum 
communication path, and thereafter the two directly con 
nected nodes negotiate about the configured resource to be 
used. 

0213. In a second approach, the radio node to access the 
network receives resource configuration information trans 
mitted by the network side node, obtains a resource config 
ured by the network side node for communication between 
the radio node and the first-hop secondary node connected 
directly therewith in the optimum communication path of 
the radio node, and communicates with the first-hop sec 
ondary node over a resource reconfigured by the network 
side node. 
0214. In this approach, the network side node configures 
semi-statically a resource for the optimum communication 
path of the radio node, that is, the network side node can 
allocate a semi-static resource for radio transmission 
between directly connected nodes in the optimum commu 
nication path according to a current resource use condition 
of the network, where the resource can be reconfigured 
according to the amount of traffic, and can be deleted if there 
is no traffic being transmitted. After the resource is config 
ured semi-statically for the respective nodes in the optimum 
communication path, the respective nodes need to negotiate 
about the resource to be particularly used. 
0215. In a third approach, the radio node to access the 
network reports the amount of data to be transmitted by the 
radio node, to the network side node; and the radio node 
receives resource configuration information transmitted by 
the network side node, obtains a resource configured by the 
network side node for current communication between the 
radio node and the first-hop secondary node connected 
directly therewith in the optimum communication path of 
the radio node, and transmits the data to be transmitted, to 
the first-hop secondary node over the resource configured by 
the network side node. 
0216. In this approach, the network side node configures 
dynamically the resource in the optimum communication 
path of the radio node, that is, the network side node can 
allocate in real time a resource for radio transmission 
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between directly connected nodes in the optimum commu 
nication path according to a current resource use condition 
of the network, where the resource is allocated in a sophis 
ticated Scheduling algorithm according to the amounts of 
traffic currently to be transmitted by the respective nodes, 
and transmits the resource scheduling results to the respec 
tive nodes in the optimum communication path. The trans 
mitting terminal between directly connected nodes transmits 
and the receiving terminal between directly connected nodes 
receives in the scheduling resource no that the transmitting 
process is completed. 
0217. In a fourth approach, the radio node to access the 
network determines a resource for use in communication 
with the first-hop secondary node connected directly with 
the radio node in the optimum communication path, by 
negotiating with the first-hop secondary node, 
0218. By way of an example, the radio node to access the 
network obtains idle resources available thereto, and notifies 
the first-hop secondary node of the obtained resources; the 
radio node receives such one of the resources transmitted by 
the first-hop secondary node that is available to the first-hop 
secondary node, and idle; and the radio node communicates 
with the first-hop secondary node over the idle resource 
available to both of them. 
0219. In another example, the first-hop secondary node 
dedicates a part of resources available thereto as resources 
for use in communication with the radio node, or the radio 
node to access the network dedicates a part of resources 
available thereto as resources for use in communication with 
the first-hop secondary node, or both the radio node to 
access the network and the first-hop secondary node perform 
radio sensing, and determine resources lying in spatial 
ranges reachable by and available to both the radio node and 
the first-hop secondary node as resources for use in com 
munication between them. 
0220. Further to any one of the first approach to the fourth 
approach, if the first-hop secondary node communicates 
with the network over the path established between the 
first-hop secondary node and the network, then the respec 
tive nodes in the path established between the first-hop 
secondary node and the network can communicate over a 
resource configured by the network side node for the path to 
thereby save a resource overhead. 
0221) Further to any one of the embodiments above, 
preferably in the operation 32: 
0222. The radio node to access the network transmits 
uplink data to be transmitted to the network side node, to the 
first-hop secondary node connected directly with the radio 
node in the optimum communication path between the radio 
node and the network, and the first-hop secondary node 
transmits the uplink data to the corresponding network side 
node over a channel between the first-hop secondary node 
and the network according to a locally stored mapping 
relationship between the channel of the first-hop secondary 
node to the network, and a channel of the first-hop secondary 
node to the radio node; and 
0223. The radio node to access the network receives 
downlink data, from the network side node, transmitted by 
the first-hop secondary node connected directly with the 
radio node in the optimum communication path between the 
radio node and the network, where the first-hop secondary 
node determines the radio node corresponding to the down 
link data transmitted by the network according to the locally 
stored mapping relationship between the channel of the 
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first-hop secondary node to the network, and a channel of the 
first-hop secondary node to the radio node, and forwards the 
downlink data to the determined radio node, upon reception 
of the downlink data. 
0224. In this approach, the radio node to access the 
network is addressed by proxying a channel as follows: the 
first-hop secondary node proxies channels in the user plane 
(e.g., S1-U and X2-U) and the control plane (e.g., S1-MME 
and X2-C) of the radio node, that is, the first-hop secondary 
node maintains a mapping relationship between two seg 
ments of channels including a channel between the first-hop 
secondary node and the network side node, and another 
channel between the first-hop secondary node to the radio 
node to access the network, and the first-hop secondary node 
manages and stores the mapping relationship. If there are 
downlink data arriving at the first-hop secondary node, then 
the first-hop secondary node will map the downlink data to 
the corresponding channel of the radio node according to the 
mapping relationship, and further transmit the downlink data 
to the radio node. 
0225. In this approach, the network side node does not 
know the mapping relationship between the first-hop sec 
ondary node and the radio node to access the network. 
0226 Further to any one of the embodiments above, the 
method further includes: 
0227. If the radio node to access the network determines 
that a link quality between the radio node, and the first-hop 
secondary node connected directly therewith in the optimum 
communication path thereof is below a preset threshold, 
then the radio node will be disconnected from the first-hop 
secondary node, and reselect anew optimum communication 
path for an access to the network; or 
0228 If the radio node to access the network receives a 
notification message transmitted by the first-hop secondary 
node connected directly therewith in the optimum commu 
nication path thereof, then the radio node will be discon 
nected from the first-hop secondary node, and reselect a new 
optimum communication path for an access to the network, 
where the notification message notifies the radio node that 
the first-hop secondary node is not capable of continuing 
with providing the radio node with a data forwarding 
service. 
0229 Particularly if a heavy load of the first-hop second 
ary node connected directly with the radio node to access the 
network in the optimum communication path of the radio 
node, or another problem occurs during communication, 
then the first-hop secondary node will transmit the notifica 
tion message to the radio node or the network side node to 
notify the radio node or the network side node that the 
first-hop secondary node is not capable of continuing with 
providing the radio node with a data forwarding service, so 
that the radio node or the network side node initiates a 
procedure of reestablishing an optimum communication 
path of the radio node. 
0230 Based upon the same inventive idea, an embodi 
ment of the invention further provides a method for deter 
mining a communication path as illustrated in FIG. 6, where 
the method includes: 
0231. In the operation 61, a network side node deter 
mines any one radio node to access a network. 
0232. In this operation, the radio node to access the 
network may be a radio node newly deployed in the net 
work, or a radio node deployed in the network to access the 
network again. 



US 2017/O 1051 64 A1 

0233 Taking a newly deployed radio node as an example, 
in real deployment, if a radio node needs to be deployed in 
Some area due to an improvement in System capacity or 
throughput, then firstly preferably a wired backhaul link will 
be deployed between the radio node and a macro station for 
direct communication; if no wired backhaul link can be 
deployed, then a radio backhaul link will be deployed 
between the radio node and the macro station for direct 
communication; and if a link quality of the radio backhaul 
link for direct communication between the radio node and 
the macro station is below a preset threshold, then an 
optimum communication path between the radio node and 
the network will be determined in the operation 62; 
0234. In the operation 62, the network side node deter 
mines an optimum communication path between the radio 
node and the network, where the radio node is instructed 
over the optimum communication path to communicate with 
the network through at least one secondary node, and at least 
one of the at least one secondary node is a wired node 
connected directly with the network. 
0235. The secondary node as referred to in the embodi 
ment of the invention is a node at least Which has a function 
capable of providing another node with a data forwarding 
service, and which has the function enabled. 
0236. Here the secondary node may be a wired backhaul 
connected node (i.e., a wired node, e.g., a wired cell), or may 
be a radio backhaul connected node (i.e., a radio node, e.g., 
a radio cell), but at least one of the at least one secondary 
node involved in the optimum communication path deter 
mined by the network side node in the operation 62 is a 
wired node connected directly with the network. 
0237. In the embodiment of the invention, the network 
side node determines the optimum communication path 
between the radio node and the network after determining 
any one radio node to access the network, where the radio 
node is instructed over the optimum communication path to 
communicate with the network through the at least one 
secondary node, and at least one of the at least one secondary 
node is a wired node connected directly with the network, 
thus improving the quality and performance of data trans 
mission between the radio node and the network, and the 
transmission efficiency of the radio node. 
0238. The network side node in the embodiment of the 
invention can be an entity functioning for OAM, a macro 
station, or a network side control node, e.g., an MME, an 
SGW, a PGW, etc. 
0239. In an embodiment, the network side node deter 
mines the optimum communication path between the radio 
node to access the network, and the network in the operation 
61 in the following two approaches: 
0240. In an approach A, the network side node configures 
the radio node to access the network with the at least one 
secondary nodes by measuring in advance, particularly as 
described in the second approach above. 
0241. In this approach, particularly in the operation 61, 
the network side node selects those nodes satisfying a preset 
condition from the respective nodes located around the radio 
node to access the network and capable of providing another 
node with a data forwarding service, by measuring in 
advance, determines the at least one secondary node in the 
optimum communication path between the radio node and 
the network according to paths between the selected respec 
tive nodes and the network, and configures the radio node 
and the selected respective secondary nodes respectively 
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with a correspondence relationship between the radio node 
and the selected at least one secondary node. 
0242. In this approach, if the network side node config 
ures the radio node to access the network with a wired node 
connected directly with the network over a wired link as a 
first-hop secondary node connected directly with the radio 
node (that is, configures one secondary node), then the 
optimum communication path configured by the network 
side node for the radio node will be a single-hop node 
communication path; and if the network side node config 
ures the radio node to access the network with at least two 
secondary nodes, then the optimum communication path 
configured by the network side node for the radio node will 
be a multi-hop node communication path. 
0243 Taking a single-hop node communication path as 
an example, the network side node can search for wired 
backhaul nodes (e.g., Small cells) around the radio node to 
access the network, selects such one of the nodes that has an 
optimum link quality with the radio node, and a wired 
backhaul link capable of carrying data transmitted by the 
radio node as a secondary node of the radio node, and 
configures the radio node, and the secondary node selected 
by the network side node for the radio node with a corre 
spondence relationship between them. That is, the network 
side node selects the appropriate secondary node for the 
radio node to access the network by measuring in advance 
to thereby establish such a communication path between the 
radio node, the secondary node, and the network side node 
that is superior in transmission efficiency and delay to a 
direct radio path between the radio node and the network 
side node, and notifies the radio node and the secondary 
node selected by the network side node for the radio node of 
the correspondence relationship between them, so that the 
radio node, and the secondary node selected by the network 
side node for the radio node can Subsequently operate to 
exchange data and signaling. 
0244. In an approach B, the network side node deter 
mines the optimum communication path between the radio 
node to access the network, and the network according to 
obtained information about an access of the radio node to the 
network. 
0245. This approach further includes the following three 
approaches: 
0246. In an approach B1, the network side node config 
ures the radio node to access the network with the at least 
one secondary node according to first measurement results 
reported by the radio node, particularly as described in the 
approach 31 above. 
0247. In this approach, particularly in the operation 61, 
the network side node receives the first measurement results 
reported by the radio node to access the network, selects 
those nodes satisfying a preset condition from the respective 
nodes located around the radio node and capable of provid 
ing another node with a data forwarding service according to 
the received first measurement results, determines the sec 
ondary nodes in the optimum communication path between 
the radio node and the network according to paths between 
the selected respective nodes and the network, and notifies 
the radio node and the respective secondary nodes deter 
mined, where the first measurement results are obtained by 
the radio node to access the network measuring respectively 
signals transmitted by the respective nodes around the radio 
node with a function capable of providing another node with 
a data forwarding service. 
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0248. In this approach, if the network side node selects 
for the radio node to access the network a wired node 
connected directly with the network over a wired connection 
as a first-hop secondary node connected directly with the 
radio node (that is, selects one secondary node), then the 
optimum communication path between the radio network 
and the network will be a single-hop node communication 
path; and if the network side node selects at least two 
secondary nodes for the radio node to access the network, 
then the optimum communication path between the radio 
network and the network will be a multi-hop node com 
munication path. 
0249. In an approach B2, the network side node config 
ures the radio node to access the network with the at least 
one secondary node according to a second measurement 
result reported by at least one node around the radio node, 
particularly as described in the approach 32 above. 
0250 In this approach, particularly in the operation 61, 
the network side node receives the second measurement 
result reported by the at least one node around the radio node 
to access the network with a function capable of providing 
another node with a data forwarding service, selects those 
nodes satisfying a preset condition from the respective nodes 
reporting the second measurement results according to the 
received second measurement results, determines the sec 
ondary nodes in the optimum communication path between 
the radio node and the network according to paths between 
the selected respective nodes and the network, and notifies 
the radio node and the respective secondary nodes deter 
mined, where the second measurement results are obtained 
by the nodes, around the radio node to access the network 
with a function capable of providing another node with a 
data forwarding service, measuring a detecting signal trans 
mitted by the radio node. 
0251. In this approach, if the network side node config 
ures the radio node to access the network with a wired node 
connected directly with the network over a wired link as a 
first-hop secondary node connected directly with the radio 
node (that is, configures one secondary node), then the 
optimum communication path between the radio node and 
the network will be a single-hop node communication path; 
and if the network side node configures the radio node to 
access the network with at least two secondary nodes, then 
the optimum communication path between the radio node 
and the network will be a multi-hop node communication 
path. 
0252. In an approach B3, the network side node deter 
mines the optimum communication path between the radio 
node to access the network, and the network upon reception 
of a second request message transmitted by at least one node 
around the radio node with a function capable of providing 
another node with a data forwarding service, particularly as 
described in the approach 33 above. 
0253) In this approach, particularly in the operation 61, 
the network side node receives the second request message 
transmitted by the at least one node around the radio node to 
access the network with a function capable of providing 
another node with a data forwarding service, selects those 
nodes satisfying a preset condition from the respective nodes 
transmitting the second request messages, determines the 
secondary nodes in the optimum communication path 
between the radio node and the network according to paths 
between the selected respective nodes and the network, and 
notifies the radio node and the respective nodes determined, 
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where the second request messages notify the network side 
node that the nodes transmitting the second request mes 
sages are capable of acting as secondary nodes for the radio 
node to access the network. 
0254 Of course, as an alternative to the approaches 
above, if the radio node to access the network determines the 
optimum communication path between the radio node and 
the network, then the network side node will determine the 
optimum communication path between the radio node and 
the network as follows: the network side node receives the 
optimum communication path between the radio node to 
access the network, and the network, determined by the 
radio node, notified of by the radio node, and determines the 
optimum communication path between the radio node and 
the network; or the network side node receives the optimum 
communication path between the radio node to access the 
network, and the network, notified of by the first-hop 
secondary node selected by the radio node, and determines 
the optimum communication path between the radio node 
and the network; or the network side node is notified by the 
first-hop secondary node selected by the radio node to access 
the network that the radio node accesses the network over a 
path established between the first-hop secondary node and 
the network, and determines the optimum communication 
path between the radio node and the network. 
0255. Further to any one of the approaches above, the 
preset condition as referred to in the embodiment of the 
invention includes at least one of 
0256 There is an optimum link quality between the node 
and the radio node; 
0257 The link quality between the node and the radio 
node is above a preset quality threshold; 
0258 Data transmitted by the radio node can be carried 
over a backhaul link of the node: 
0259. There is the shortest transmission delay over the 
backhaul link of the node: 
0260 The transmission delay over the backhaul link of 
the node is below a preset delay threshold; 
0261. A transmission rate over the backhaul link of the 
node is no less than a wireless interface rate; 
0262 There is the shortest transmission delay over a link 
between the node and the radio node: 
0263. The transmission delay over the link between the 
node and the radio node is below a preset delay threshold; 
0264. There is the highest transmission rate over the link 
between the node and the radio node; and 
0265. The transmission rate over the link between the 
node and the radio node is above a preset rate threshold. 
0266 Further to any one of the embodiments above, in an 
embodiment, the method further includes: the network side 
node configures a resource for communication between 
nodes connected directly in the optimum communication 
path between the radio node to access the network and the 
network, particularly in the following three approaches: 
0267 In a first approach, the network side node pre 
configures the resource for communication between the 
nodes connected directly in the optimum communication 
path between the radio node to access the network and the 
network, and configures the resource to the radio node, and 
the at least one secondary node in the optimum communi 
cation path, particularly as described in the first approach 
above. 
0268. In a second approach, the network side node recon 
figures an available resource for communication between the 
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nodes connected directly in the optimum communication 
path of the radio node to access the network according to a 
current resource use condition of the network, and config 
ures the resource to the radio node, and the at least one 
secondary node in the optimum communication path via 
resource configuration information, particularly as described 
in the second approach above. 
0269. In a third approach, the network side node config 
ures a resource for communication between the nodes con 
nected directly in the optimum communication path of the 
radio node to access the network according to a current 
resource use condition of the network, and the amounts of 
data to be transmitted by the respective nodes in the opti 
mum communication path, and configures the resource to 
the radio node, and the at least one secondary node in the 
optimum communication path via resource configuration 
information, particularly as described in the third approach 
above. 
0270. Further to any one of the three approaches above, 
if the optimum communication path is a single-hop node 
communication path, then the nodes connected directly in 
the optimum communication path will be the radio node to 
access the network, and the first-hop secondary node con 
nected directly therewith; and if the optimum communica 
tion path is a multi-hop node communication path, then the 
nodes connected directly in the optimum communication 
path will be the radio node to access the network and the 
first-hop secondary node connected directly therewith, the 
first-hop secondary node and a second-hop secondary node 
connected directly therewith, and an on. If the optimum 
communication path is a multi-hop node communication 
path in which the path established between the first-hop 
secondary node connected directly with the radio node to 
access the network, and the network is used, then the 
network side node can configure a new resource for com 
munication the respective nodes connected directly in the 
path established between the first-hop secondary node and 
the network, or can instruct the respective nodes connected 
directly in the path established between the first-hop sec 
ondary node and the network to communicate over an 
existing resource of the path. 
0271. It shall be noted that the three approaches can be 
applied separately or in combination, for example, firstly a 
resource can be configured statically for the optimum com 
munication path in the first approach, and then a resource 
can be reconfigured for the optimum communication path in 
the second approach or the third approach. 
0272 Further to any one of the embodiments above, the 
method further includes: 
0273. If the network side node needs to transmit down 
link data to the radio node to access the network, then the 
network side will determine the first-hop secondary node 
connected directly with the radio node in the optimum 
communication path of the radio node, and transmit the 
downlink data to the first-hop secondary node over a channel 
between the first-hop secondary node and the network so 
that the first-hop secondary node forwards the downlink data 
to the corresponding radio node. 
0274. In this approach, the radio node to access the 
network is addressed by proxying a channel as follows: the 
network side node establishing a connection with the radio 
node to access the network stores the optimum communi 
cation path of the radio node, and thus determines that all the 
data of the radio node need to be forwarded by the secondary 
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node. All the downlink data transmitted by the network side 
node to the radio node are firstly transmitted to the second 
ary node connected directly with the network side in the 
optimum communication path of the radio node, and for 
warded by the secondary node in the optimum communica 
tion path to the radio node. Uplink data of the radio node is 
firstly transmitted by the radio node to the first-hop second 
ary node connected directly with the radio node in the 
optimum communication path, and forwarded by the first 
hop secondary node to the network side node over the 
optimum communication path. 
0275. Further to any one of the embodiments above, the 
method further includes: 

0276. The network side node determines again an opti 
mum communication path between the radio node to access 
the network, and the network upon reception of a notifica 
tion message transmitted by the first-hop secondary node 
connected directly with the radio node in the optimum 
communication path, where the notification message notifies 
the network side node that the first-hop secondary node is 
not capable of continuing with providing the radio node with 
a data forwarding service. 
0277. The process flows of the methods above can be 
performed in Software program which can be stored in a 
storage medium, and the stored software program can per 
form the operations of the methods above upon being 
invoked. 

0278 Based upon the same inventive idea, an embodi 
ment of the invention farther provides a radio node as 
illustrated in FIG. 7, where the radio node includes: 
0279 A path obtaining module 71 is configured, if the 
radio node including the path obtaining module 71 needs to 
access a network, to obtain an optimum communication path 
between the radio node and the network; and 
0280 A communicating module 72 is configured to com 
municate with the network over the optimum communica 
tion path obtained by the path obtaining module 71; 
0281. Where the radio node is instructed over the opti 
mum communication path to access the network through at 
least one secondary node, and at least one of the at least one 
secondary node is a wired node connected directly with the 
network. 

0282. The radio node according to the embodiment of the 
invention may be a radio node newly deployed in the 
network, or if a radio node deployed in the network needs to 
access the network again, then the radio node will be 
instructed over an optimum communication path obtained 
by the radio node to access the network through at least one 
secondary node, that is, the radio node will be instructed 
over the optimum communication path to communicate with 
a network side node (e.g., a macro station) through the at 
least one secondary node. 
0283. The secondary node as referred to in the embodi 
ment of the invention is a node at least which has a function 
capable of providing another node with a data forwarding 
service, and which has the function enabled. 
0284. Here the secondary node may be a wired backhaul 
connected node (i.e., a wired node, e.g., a wired cell), or may 
be a radio backhaul connected node (i.e., a radio node, e.g., 
a radio cell), but at least one of the at least one secondary 
node involved in the optimum communication path obtained 
by the radio node is a wired node connected directly with the 
network. 
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0285. It shall be noted that data and signaling are trans 
mitted between a wired node among the at least one sec 
ondary node in the optimum communication path obtained 
by the path obtaining module 71, and the network side node 
(e.g., the macro station) in a wired transmission protocol; 
and if the at least one secondary node includes a radio node, 
then the radio node among the at least one secondary node 
will also obtain communication paths between the radio 
node and the network side node, and select an optimum 
communication path for communication with the network 
side node, where the radio node among the at least one 
secondary node can communicate with the network side 
node over a path established between the radio node and the 
network, or can reselect at least one secondary node for an 
access to the network. 
0286. In an implementation, the path obtaining module 
71 is configured: 
0287. To select one of nodes around the radio node 
including the path obtaining module 71 with a function 
capable of providing another node with a data forwarding 
service as a first-hop secondary node through which the 
radio node accesses the network, and which is connected 
directly with the radio node, and to determine the optimum 
communication path between the radio node and the net 
work as accessing the network through the first-hop second 
ary node, particularly as described in the first approach 
above, a repeated description of which will be omitted here: 
0288 Or 
0289. To determine the at least one secondary node in the 
optimum communication path between the radio node 
including the path obtaining module 71 and the network 
according to a preconfigured correspondence relationship 
between the radio node and the secondary node, and to 
determine the optimum communication path between the 
radio node and the network as accessing the network 
through the at least one secondary node, particularly as 
described in the second approach above, a repeated descrip 
tion of which will be omitted here; 
0290 Or 
0291 To receive the at least one secondary node, notified 
of by the network side node, selected by the network side 
node for the radio node including the path obtaining module 
71, and to determine the optimum commutation path 
between the radio node and the network as accessing the 
network through the at least one secondary node, where the 
network side node determines the optimum commutation 
path between the radio node and the network according to 
obtained information about an access of the radio node to the 
network, particularly as described in the third approach 
above, a repeated description of which will be omitted here. 
0292. The first-hop secondary node in the optimum com 
mutation path determined in any one of the approaches 
above can alternatively be a macro station. 
0293. In an embodiment of the invention, the path obtain 
ing module 71 configured to select one of the nodes around 
the radio node including the path obtaining module 71 with 
a function capable of providing another node with a data 
forwarding service as the first-hop secondary node through 
which the radio node accesses the network, and which is 
connected directly with the radio node is configured: 
0294 To select a node satisfying a preset condition from 
the nodes around the radio node including the path obtaining 
module 71 with a function capable of providing another 
node with a data forwarding service as the first-hop second 
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ary node through which the radio node accesses the network, 
and which is connected directly with the radio node, par 
ticularly as described in the approach 11 above, a repeated 
description of which will be omitted here; or 
0295) To transmit a first request message to the nodes 
around the radio node including the path obtaining module 
71 with a function capable of providing another node with 
a data forwarding service, and to select one of the nodes as 
the first-hop secondary node through which the radio node 
accesses the network, and which is connected directly with 
the radio node, according to a received first response mes 
sage returned by the at least one node around the radio node 
with a function capable of providing another node with a 
data forwarding service, where the first request message 
requests for an access to the network through the node 
receiving the first request message, and the first response 
message notifies the radio node to access the network of 
whether the node transmitting the first response message is 
capable of acting as a secondary node for the radio node to 
access the network, particularly as described in the approach 
12 above, a repeated description of which will be omitted 
here. 

0296. It shall he noted that after the path obtaining 
module 71 determines the optimum communication path 
between the radio node including the path obtaining module 
71, and the network, the path obtaining module 71 can notify 
the network side node of the optimum communication path; 
or the first-hop secondary node selected by the path obtain 
ing module 71 can notify the network side node of the 
optimum communication path, or the first-hop secondary 
node can notify the network side node that the radio node 
accesses the network over the path established between the 
first-hop secondary node and the network. 
0297. In an embodiment, the path obtaining module 71 is 
further configured: 
0298 Before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node including the path obtaining module 71 is 
received, to measure signals transmitted by the nodes around 
the radio node with a function capable of providing another 
node with a data forwarding service, and to report measured 
first measurement results to the network side node to request 
the network side node for determining the optimum com 
munication path for the radio node; or 
0299. Before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node including the path obtaining module 71 is 
received, to measure signals transmitted by the nodes around 
the radio node with a function capable of providing another 
node with a data forwarding service, and to report those first 
measurement results satisfying a preset threshold among 
measured first measurement results to the network side node 
to request the network side node for determining the opti 
mum communication path for the radio node. 
0300 Further to any one of the embodiments above, the 
path obtaining module 71 configured to determine the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service is configured: 
0301 To determine that any one node transmitting indi 
cation information has a function capable of providing 
another node with a data forwarding service, upon reception 
of a message carrying the indication information transmitted 
by the node, where the indication information indicates that 



US 2017/O 1051 64 A1 

the node has a function capable of providing another node 
with a data forwarding service; or 
0302) To transmit a first message to the respective nodes 
around the radio node, and to determine that any one node 
transmitting a second message has a function capable of 
providing another node with a data forwarding service, upon 
reception of the second message returned by the node, where 
the first message requests for the second messages to be 
returned by those nodes with a function capable of providing 
another node with a data forwarding service among the 
respective nodes around the radio node. 
0303. Furthermore the path obtaining module 71 is fur 
ther configured: 
0304 Before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node including the path obtaining module 71 is 
received, to transmit a detecting signal to the nodes around 
the radio node, where the nodes around the radio node 
measure the detecting signal upon reception of the detecting 
signal, and report measured second measurement results, or 
those second measurement results satisfying a preset thresh 
old among the measured second measurement results to the 
network side node to request the network side node for 
determining the optimum communication path for the radio 
node; or 
0305 Before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node including the path obtaining module 71 is 
received, to transmit a first request message to the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service, where the first 
request message requests for an access to the network 
through the nodes receiving the first request message, and if 
the nodes receiving the first request message determine that 
they are capable of acting as secondary nodes for the radio 
node to access the network, then the nodes transmit second 
request messages to the network side node, where the second 
request messages notify the network side node that the nodes 
transmitting the second request messages are capable of 
acting as secondary nodes for the radio node to access the 
network. 

0306 Further to any one of the embodiments above, the 
communicating module 72 is configured: 
0307 To obtain from information preconfigured by the 
network side node a resource configured by the network side 
for communication between the radio node including the 
communicating module 72, and the first-hop secondary node 
connected directly therewith in the optimum communication 
path, and to communicate with the first-hop secondary node 
over the resource configured by the network side node, 
particularly as described in the first approach above, a 
repeated description of which will be omitted here; or 
0308 To receive resource configuration information 
transmitted by the network side node, to obtain a resource 
configured by the network side node for communication 
between the radio node including the communicating mod 
ule 72, and the first-hop secondary node connected directly 
therewith in the optimum communication path, and to com 
municate with the first-hop secondary node over a resource 
reconfigured by the network side node, particularly as 
described in the second approach above, a repeated descrip 
tion of which will be omitted here; or 
0309 To report the amount of data to be transmitted by 
the radio node including the communicating module 72, to 
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the network side node; and to receive resource configuration 
information transmitted by the network side node, to obtain 
a resource configured by the network side node for current 
communication between the radio node and the first-hop 
secondary node connected directly therewith in the optimum 
communication path, and to transmit the data to be trans 
mitted, to the first-hop secondary node over the resource 
configured by the network side node, particularly as 
described in the third approach above, a repeated description 
of which will be omitted here; or 
0310. To determine a resource for use in communication 
with the first-hop secondary node connected directly with 
the radio node including the communicating module 72 in 
the optimum communication path, by negotiating with the 
first-hop secondary node, particularly as described in the 
fourth approach above, a repeated description of which will 
be omitted here, 
0311. Further to any one of the embodiments above, the 
communicating module 72 is configured: 
0312 To transmit uplink data be transmitted to the net 
work side node, to the first-hop secondary node connected 
directly with the radio node including the communicating 
module 72 in the optimum communication path, where the 
first-hop secondary node transmits the uplink data to the 
corresponding network side node over a channel between 
the first-hop secondary node and the network according to a 
locally stored mapping relationship between the channel of 
the first-hop secondary node to the network, and a channel 
of the first-hop secondary node to the radio node; and 
0313 To receive downlink data, from the network side 
node, transmitted by the first-hop secondary node connected 
directly with the radio node including the communicating 
module 72 in the optimum communication path, where the 
first-hop secondary node determines the radio node corre 
sponding to the downlink data transmitted by the network 
according to the locally stored mapping relationship 
between the channel of the first-hop secondary node to the 
network, and a channel of the first-hop secondary node to the 
radio node, and forwards the downlink data to the radio node 
determined, upon reception of the downlink data. 
0314. Further to any one of the embodiments above, the 
path obtaining module 71 is further configured: 
0315. If it is determined that a link quality between the 
radio node including the path obtaining module 71, and the 
first-hop secondary node connected directly with the radio 
node in the optimum communication path is below a preset 
threshold, to disconnect the radio node from the first-hop 
secondary node, and to reselect a new optimum communi 
cation path for an access to the network; or 
0316. If a notification message transmitted by the first 
hop secondary node connected directly with the radio node 
including the path obtaining module 71 in the optimum 
communication path is received, to disconnect the radio 
node from the first-hop secondary node, and to reselect a 
new optimum communication path for an access to the 
network, where the notification message notifies the radio 
node that the first-hop secondary node is not capable of 
continuing with providing the radio node with a data for 
warding service. 
0317 Based upon the same inventive idea, an embodi 
ment of the invention further provides a network side node 
as illustrated in FIG. 8, where the network side node 
includes: 
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0318. A first processing module 81 is configured to 
determine any one radio node to access a network; and 
0319. A second processing module 82 is configured to 
determine an optimum communication path between the 
radio node and the network, where the radio node is 
instructed over the optimum communication path to com 
municate with the network through at least one secondary 
node, and at least one of the at least one secondary node is 
a wired node connected directly with the network. 
0320. The network side node in the embodiment of the 
invention can be an entity functioning for OAM, a macro 
station, or a network side control node, e.g., an MME, an 
SGW, a PGW, etc. 
0321. In an embodiment, the second processing module 
82 is configured: 
0322 To select those nodes satisfying a preset condition 
from the respective nodes located around the radio node and 
capable of providing another node with a data forwarding 
service, by measuring in advance, to determine the at least 
one secondary node in the optimum communication path 
between the radio node and the network according to paths 
between the selected respective nodes and the network, and 
to configure the radio node and the selected respective 
secondary nodes respectively with a correspondence rela 
tionship between the radio node and the selected at least one 
secondary node, particularly as described in the approach A 
above, a repeated description of which will be omitted here: 
0323 Or 
0324. To determine the optimum communication path 
between the radio node and the network according to 
obtained information about an access of the radio node to the 
network, particularly as described in the approach Babove, 
a repeated description of which will be omitted here. 
0325 Furthermore the second processing module 82 con 
figured to determine the optimum communication path 
between the radio node and the network according to the 
obtained information about an access of the radio node to the 
network is configured: 
0326 To receive first measurement results reported by 
the radio node, to select those nodes satisfying a preset 
condition from the respective nodes located around the radio 
node and capable of providing another node with a data 
forwarding service according to the received first measure 
ment results, to determine the secondary nodes in the 
optimum communication path between the radio node and 
the network according to paths between the selected respec 
tive nodes and the network, and to notify the radio node and 
the respective secondary nodes determined, where the first 
measurement results are obtained by the radio node mea 
Suring respectively signals transmitted by the respective 
nodes around the radio node with a function capable of 
providing another node with a data forwarding service, 
particularly as described in the approach B1 above, a 
repeated description of which will be omitted here; or 
0327. To receive a second measurement result reported 
by at least one node around the radio node to access the 
network with a function capable of providing another node 
with a data forwarding service, to select those nodes satis 
fying a preset condition from the respective nodes reporting 
the second measurement results according to the received 
second measurement results, to determine the secondary 
nodes in the optimum communication path between the 
radio node and the network according to paths between the 
selected respective nodes and the network, and to notify the 
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radio node and the respective secondary nodes determined, 
where the second measurement results are obtained by the 
nodes, around the radio node to access the network with a 
function capable of providing another node with a data 
forwarding service, measuring a detecting signal transmitted 
by the radio node, particularly as described in the approach 
B2 above, a repeated description of which will be omitted 
here; or 
0328. To receive a second request message transmitted by 
at least one node around the radio node to access the network 
with a function capable of providing another node with a 
data forwarding service, to select those nodes satisfying a 
preset condition from the respective nodes transmitting the 
second request messages, to determine the secondary nodes 
in the optimum communication path between the radio node 
and the network according to paths between the selected 
respective nodes and the network, and to notify the radio 
node and the respective nodes determined, where the second 
request messages notify the network side node that the nodes 
transmitting the second request messages are capable of 
acting as secondary nodes for the radio node to access the 
network, particularly as described in the approach B3 above, 
a repeated description of which will be omitted here. 
0329. Of course, as an alternative to the approaches 
above, if the radio node to access the network determines the 
optimum communication path between the radio node and 
the network, then the second processing module 82 config 
ured to determine the optimum communication path 
between the radio node and the network is configured: to 
receive the optimum communication path between the radio 
node to access the network, and the network, determined by 
the radio node, notified of by the radio node, and to 
determine the optimum communication path between the 
radio node and the network; or to receive the optimum 
communication path between the radio node to access the 
network, and the network, notified of by a first-hop second 
ary node selected by the radio node, and to determine the 
optimum communication path between the radio node and 
the network; or to be notified by the first-hop secondary node 
selected by the radio node to access the network that the 
radio node accesses the network over a path established 
between the first-hop secondary node and the network, and 
to determine the optimum communication path between the 
radio node and the network. 

0330. Further to any one of the embodiments above, the 
network side node further includes a third processing mod 
ule 83 configured: 
0331. To pre-configure a resource for communication 
between nodes connected directly in the optimum commu 
nication path, and to configure the resource to the radio 
node, and the at least one secondary node in the optimum 
communication path, particularly as described in the first 
approach above, a repeated description of which will be 
omitted here; or 
0332 To reconfigure an available r source for communi 
cation between nodes connected directly in the optimum 
communication path according to a current resource use 
condition of the network, and to configure the resource to the 
radio node, and the at least one secondary node in the 
optimum communication path via resource configuration 
information, particularly as described in the second 
approach above, a repeated description of which will be 
omitted here; or 



US 2017/O 1051 64 A1 

0333. To configure a resource for communication 
between nodes connected directly in the optimum commu 
nication path according to a current resource use condition 
of the network, and the amounts of data to be transmitted by 
the respective nodes in the optimum communication path, 
and to configure the resource to the radio node, and the at 
least one secondary node in the optimum communication 
path via resource configuration information, particularly as 
described in the third approach above, a repeated description 
of which will be omitted here. 
0334. It shall be noted that the three approaches can be 
applied separately or in combination, for example, firstly a 
resource can be configured statically for the optimum com 
munication path in the first approach, and then a resource 
can be reconfigured for the optimum communication path in 
the second approach or the third approach. 
0335 Further to any one of the embodiments above, the 
network side node further includes a fourth processing 
module 84 configured: 
0336. If downlink data need to be transmitted to the radio 
node, to determine the first-hop secondary node connected 
directly with the radio node in the optimum communication 
path, and to transmit the downlink data to the first-hop 
secondary node over a channel between the first-hop sec 
ondary node and the network So that the first-hop secondary 
node forwards the downlink data to the radio node. 
0337. Further to any one of the embodiments above, the 
second processing module 82 is further configured: 
0338 To determine again an optimum communication 
path between the radio node and the network upon reception 
of a notification message transmitted by the first-hop sec 
ondary node connected directly with the radio node in the 
optimum communication path, where the notification mes 
sage notifies the network side node that the first--hop 
secondary node is not capable of continuing with providing 
the radio node with a data forwarding service. 
0339. The structure of and processing by a radio node to 
access a network according to an embodiment of the will be 
described below in connection with a preferred hardware 
structure thereof 
0340. As illustrated in FIG. 9, the radio node includes a 
transceiver 91, and at least one processor 92 connected with 
the transceiver 91, where: 
0341 The processor 92 is configured, if the radio node 
including the processor 92 needs to access a network, to 
obtain an optimum communication path between the radio 
node and the network; and to communicate with the network 
over the obtained optimum communication path; 
0342. Where the radio node is instructed over the opti 
mum communication path to access the network through at 
least one secondary node, and at least one of the at least one 
secondary node is a wired node connected directly with the 
network. 
0343. It shall be noted that data and signaling are trans 
mitted between a wired node among the at least one sec 
ondary node in the optimum communication path obtained 
by the processor 92, and the network side node (e.g., the 
macro station) in a wired transmission protocol; and if the at 
least one secondary node includes a radio node, then the 
radio node among the at least one secondary node will also 
obtain communication paths between the radio node and the 
network side node, and select an optimum communication 
path for communication with the network side node, where 
the radio node among the at least one secondary node can 
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communicate with the network side node over a path estab 
lished between the radio node and the network, or can 
reselect at least one secondary node for an access to the 
network. 
0344. In an embodiment, the processor 92 is configured: 
(0345. To select one of nodes around the radio node 
including the processor 92 with a function capable of 
providing another node with a data forwarding service as a 
first-hop secondary node through which the radio node 
accesses the network, and which is connected directly with 
the radio node, and to determine the optimum communica 
tion path between the radio node and the network as access 
ing the network through the first-hop secondary node, par 
ticularly as described in the first approach above, a repeated 
description of which will be omitted here: 
0346 Or 
0347 To determine the at least one secondary node in the 
optimum communication path between the radio node 
including the processor 92 and the network according to a 
preconfigured correspondence relationship between the 
radio node and the secondary node, and to determine the 
optimum communication path between the radio node and 
the network as accessing the network through the at least one 
secondary node, particularly as described in the second 
approach above, a repeated description of which will be 
omitted here; 
0348 Or 
0349 To receive through the transceiver 91 the at least 
one secondary node, notified of by the network side node, 
selected by the network side node for the radio node 
including the processor 92, and to determine the optimum 
commutation path between the radio node and the network 
as accessing the network through the at least one secondary 
node, wherein the network side node determines the opti 
mum commutation path between the radio node and e 
network according to obtained information about an access 
of the radio node to the network, particularly as described in 
the third approach above, a repeated description of which 
will be omitted here. 
0350. The first-hop secondary node in the optimum com 
mutation path determined in any one of the approaches 
above can alternatively be a macro station. 
0351. In an embodiment of the invention, the processor 
92 configured to select one of the nodes around the radio 
node including the processor 92 with a function capable of 
providing another node with a data forwarding service as the 
first-hop secondary node through which the radio node 
accesses the network, and which is connected directly with 
the radio node is configured: 
0352 To select a node satisfying a preset condition from 
the nodes around the radio node including the processor 92 
with a function capable of providing another node with a 
data forwarding service as the first-hop secondary node 
through which the radio node accesses the network, and 
which is connected directly with the radio node particularly 
as described in the approach 11 above, a repeated description 
of which will be omitted here; or 
0353 To trigger the transceiver 91 to transmit a first 
request message to the nodes around the radio node includ 
ing the processor 92 with a function capable of providing 
another node with a data forwarding service, and to select 
one of the nodes as the first-hop secondary node through 
which the radio node accesses the network, and which is 
connected directly with the radio node, according to a first 
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response message, received through the transceiver 91, 
returned by the at least one node around the radio node with 
a function capable of providing another node with a data 
forwarding service, where the first request message requests 
for an access to the network through the node receiving the 
first request message, and the first response message notifies 
the radio node to access the network of whether the node 
transmitting the first response message is capable of acting 
as a secondary node for the radio node to access the network, 
particularly as described in the approach 12 above, a 
repeated description of which will be omitted here. 
0354). It shall be noted that after the processor 92 deter 
mines the optimum communication path between the radio 
node including the processor 92, and the network, the 
processor 92 can trigger the transceiver 91 to notify the 
network side node of the optimum communication path; or 
the first-hop secondary node selected by the processor 92 
can notify the network side node of the optimum commu 
nication path, or the first-hop secondary node can notify the 
network side node that the radio node accesses the network 
over the path established between the first-hop secondary 
node and the network. 

0355. In an embodiment, the processor 92 is further 
configured: 
0356. Before the transceiver 91 receives the at least one 
secondary node, notified of by the network side node, 
selected by the network side node for the radio node 
including the transceiver 91, to measure signals transmitted 
by the nodes around the radio node with a function capable 
of providing another node with a data forwarding service, 
and to trigger the transceiver 91 to report measured first 
measurement results to the network side node to request the 
network side node for determining the optimum communi 
cation path for the radio node; or 
0357 Before the transceiver 91 receives the at least one 
secondary node, notified of by the network side node, 
selected by the network side node for the radio node 
including the transceiver 91, to measure signals transmitted 
by the nodes around the radio node with a function capable 
of providing another node with a data forwarding service, 
and to trigger the transceiver 91 to report those first mea 
Surement results satisfying a preset threshold among mea 
sured first measurement results to the network side node to 
request the network side node for determining the optimum 
communication path for the radio node. 
0358. Further to any one of the embodiments above, the 
processor 92 configured to determine the nodes around the 
radio node with a function capable of providing another 
node with a data forwarding service is configured: 
0359 To determine that any one node transmitting indi 
cation information has a function capable of providing 
another node with a data forwarding service, after the 
transceiver 91 receives a message carrying the indication 
information transmitted by the node, where the indication 
information indicates that the node has a function capable of 
providing another node with a data forwarding service; or 
0360. To determine that any one node transmitting a 
second message has a function capable of providing another 
node with a data forwarding service, if the transceiver 91 
receives the second message returned by the node, where the 
transceiver 91 transmits a first message to the respective 
nodes around the radio node, and the first message requests 
for the second messages to be returned by those nodes with 
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a function capable of providing another node with a data 
forwarding service among the respective nodes around the 
radio node. 
0361 Furthermore the processor 92 is further configured: 
0362 Before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node including the processor 92 is received, to 
transmit a detecting signal to the nodes around the radio 
node, where the nodes around the radio node measure the 
detecting signal upon reception of the detecting signal, and 
report measured second measurement results, or those sec 
ond measurement results satisfying a preset threshold among 
the measured second measurement results to the network 
side node to request the network side node for determining 
the optimum communication path for the radio node; or 
0363. Before the at least one secondary node, notified of 
by the network side node, selected by the network side node 
for the radio node including the processor 92 is received, o 
transmit a first request message to the nodes around the radio 
node with a function capable of providing another node with 
a data forwarding service, wherein the first request message 
requests for an access to the network through the nodes 
receiving the first request message, and if the nodes receiv 
ing the first request message determine that they are capable 
of acting as secondary nodes for the radio node to access the 
network, then the nodes transmit second request messages to 
the network side node, wherein the second request messages 
notify the network side node that the nodes transmitting the 
second request messages are capable of acting as secondary 
nodes for the radio node to access the network. 
0364. Further to any one of the embodiments above, the 
processor 92 is configured: 
0365. To obtain from information preconfigured by the 
network side node a resource configured by the network side 
for communication between the radio node including the 
processor 92, and a first-hop secondary node connected 
directly therewith in the optimum communication path, and 
to communicate with the first-hop secondary node over the 
resource configured by the network side node, particularly 
as described in the first approach above, a repeated descrip 
tion of which will be omitted here; or 
0366. To obtain a resource configured by the network 
side node for communication between the radio node includ 
ing the processor 92, and the first-hop secondary node 
connected directly therewith in the optimum communication 
path according to resource configuration information, trans 
mitted by the network side node, received by the transceiver 
91, and to communicate with the first-hop secondary node 
over a resource reconfigured by the network side node, 
particularly as described in the second approach above, a 
repeated description of which will be omitted here; or 
0367 To obtain a resource configured by the network 
side node for current communication between the radio node 
and the first-hop secondary node connected directly there 
with in the optimum communication path according to 
resource configuration information, transmitted by the net 
work side node, received by the transceiver 91, and to 
transmit data to he transmitted, to the first-hop secondary 
node over the resource configured by the network side node, 
wherein the transceiver 91 reports the amount of data to be 
transmitted by the radio node including the transceiver 91, 
to the network side node, particularly as described in the 
third approach above, a repeated description of which will 
be omitted here; or 
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0368. To determine a resource for use in communication 
with the first-hop secondary node connected directly with 
the radio node including the processor 92 in the optimum 
communication path, by negotiating with the first-hop sec 
ondary node, particularly as described in the fourth approach 
above, a repeated description of which will be omitted here. 
0369. Further to any one of the embodiments above, the 
transceiver 91 is configured: 
0370. To transmit uplink data to be transmitted to the 
network side node, to the first-hop secondary node con 
nected directly with the radio node including the transceiver 
91 in the optimum communication path, where the first-hop 
secondary node transmits the uplink data to the correspond 
ing network side node over a channel between the first-hop 
secondary node and the network according to a locally 
stored mapping relationship between the channel of the 
first-hop secondary node to the network, and a channel of the 
first-hop secondary node to the radio node; and 
0371 To receive downlink data, from the network side 
node, transmitted by the first-hop secondary node connected 
directly with the radio node including the transceiver 91 in 
the optimum communication path, where the first-hop sec 
ondary node determines the radio node corresponding to the 
downlink data transmitted by the network according to the 
locally stored mapping relationship between the channel of 
the first-hop secondary node to the network, and a channel 
of the first-hop secondary node to the radio node, and 
forwards the downlink data to the radio node determined, 
upon reception of the downlink data, 
0372 Further to any one of the embodiments above, the 
processor 92 is further configured: 
0373) If it is determined that a link quality between the 
radio node including the processor 92, and the first-hop 
secondary node connected directly with the radio node in the 
optimum communication path is below a preset threshold, to 
disconnect the radio node from the first-hop secondary node, 
and to reselect a new optimum communication path for an 
access to the network; or 
0374. If the transceiver 91 receives a notification message 
transmitted by the first-hop secondary node connected 
directly with the radio node including the transceiver 91 in 
the optimum communication path, to disconnect the radio 
node from the first-hop secondary node, and to reselect a 
new optimum communication path for an access to the 
network, wherein the notification message notifies the radio 
node that the first-hop secondary node is not capable of 
continuing with providing the radio node with a data for 
warding service, 
0375. The structure of and processing by a network side 
node according to an embodiment of the will be described 
below in connection with a preferred hardware structure 
thereof, 
0376. As illustrated in FIG. 10, the network side node 
includes a transceiver 101, and at least one processor 102 
connected with the transceiver 101, where: 
0377 The processor 102 is configured to determine any 
one radio node to access a network; and to determine an 
optimum communication path between the radio node and 
the network, wherein the radio node is instructed over the 
optimum communication path to communicate with the 
network through at least one secondary node, and at least 
one of the at least one secondary node is a wired node 
connected directly with the network. 
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0378. The network side node in the embodiment of the 
invention can be an entity functioning for OAM, a macro 
station, or a network side control node, e.g., an MME, SGW. 
a PGW, etc. 
0379. In an embodiment, the processor 102 is configured: 
0380. To select those nodes satisfying a preset condition 
from the respective nodes located around the radio node and 
capable of providing another node with a data forwarding 
service, by measuring in advance, to determine the at least 
one secondary node in the optimum communication path 
between the radio node and the network according to paths 
between the selected respective nodes and the network, and 
to configure the radio node and the selected respective 
secondary nodes respectively with a correspondence rela 
tionship between the radio node and the selected at least one 
secondary node, particularly as described in the approach A 
above, a repeated description of which will be omitted here: 
0381. Or 
0382 To determine the optimum communication path 
between the radio node and the network according to 
obtained information about an access of the radio node to the 
network, particularly as described in the approach Babove, 
a repeated description of which will be omitted here. 
0383. Furthermore the processor 102 configured to deter 
mine the optimum communication path between the radio 
node and the network according to the obtained information 
about an access of the radio node to the network is config 
ured: 
0384. To select those nodes satisfying a preset condition 
from the respective nodes located around the radio node and 
capable of providing another node with a data forwarding 
service according to first measurement results, reported by 
the radio node, received by the transceiver 101, to determine 
the secondary nodes in the optimum communication path 
between the radio node and the network according to paths 
between the selected respective nodes and the network, and 
to notify the radio node and the respective secondary nodes 
determined, where the first measurement results are obtained 
by the radio node measuring respectively signals transmitted 
by the respective nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service, particularly as described in the approach 
B1 above, a repeated description of which will be omitted 
here; or 
0385) To receive through the transceiver 101 a second 
measurement result reported by at least one node around the 
radio node to access the network with a function capable of 
providing another node with a data forwarding service, to 
select those nodes satisfying a preset condition from the 
respective nodes reporting the second measurement results, 
to determine the secondary nodes in the optimum commu 
nication path between the radio node and the network 
according to paths between the selected respective nodes 
and the network, and to notify the radio node and the 
respective secondary nodes determined, wherein the second 
measurement results are obtained by the nodes, around the 
radio node to access the network with a function capable of 
providing another node with a data forwarding service, 
measuring a detecting signal transmitted by the radio node, 
particularly as described in the approach B2 above, a 
repeated description of which will be omitted here; or 
0386 To receive through the transceiver 101 a second 
request message transmitted by at least one node around the 
radio node to access the network with a function capable of 
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providing another node with a data forwarding service, to 
select those nodes satisfying a preset condition from the 
respective nodes transmitting the second request messages, 
to determine the secondary nodes in the optimum commu 
nication path between the radio node and the network 
according to paths between the selected respective nodes 
and the network, and to notify the radio node and the 
respective nodes determined, wherein the second request 
messages notify the network side node that the nodes 
transmitting the second request messages are capable of 
acting as secondary nodes for the radio node to access the 
network, particularly as described in the approach 83 above, 
a repeated description of which will be omitted here. 
0387. Of course, as an alternative to the approaches 
above, if the radio node to access the network determines the 
optimum communication path between the radio node and 
the network, then the processor 102 configured to determine 
the optimum communication path between the radio node 
and the network is configured: to receive through the trans 
ceiver 101 the optimum communication path between the 
radio node to access the network, and the network, deter 
mined by the radio node, notified of by the radio node, and 
to determine the optimum communication path between the 
radio node and the network; or to receive through the 
transceiver 101 the optimum communication path between 
the radio node to access the network, and the network, 
notified of by a first-hop secondary node selected by the 
radio node, and to determine the optimum communication 
path between the radio node and the network; or to be 
notified through the transceiver 101 by the first-hop second 
ary node selected by the radio node to access the network 
that the radio node accesses the network over a path estab 
lished between the first-hop secondary node and the net 
work, and to determine the optimum communication path 
between the radio node and the network, 
0388 Further to any one of the embodiments above, the 
processor 102 is further configured: 
0389. To pre-configure a resource for communication 
between nodes connected directly in the optimum commu 
nication path, and to configure the resource to the radio 
node, and the at least one secondary node in the optimum 
communication path, particularly as described in the first 
approach above, a repeated description of which will be 
omitted here; or 
0390 To reconfigure an available resource for commu 
nication between nodes connected directly in the optimum 
communication path according to a current resource use 
condition of the network, and to configure the resource to the 
radio node, and the at least one secondary node in the 
optimum communication path via resource configuration 
information, particularly as described in the second 
approach above, a repeated description of which will be 
omitted here; or 
0391 To configure a resource for communication 
between nodes connected directly in the optimum commu 
nication path according to a current resource use condition 
of the network, and the amounts of data to be transmitted by 
the respective nodes in the optimum communication path, 
and to configure the resource to the radio node, and the at 
least one secondary node in the optimum communication 
path via resource configuration information, particularly as 
described in the third approach above, a repeated description 
of which will be omitted here. 
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0392. It shall be noted that the three approaches can be 
applied separately or in combination, for example, firstly a 
resource can be configured statically for the optimum com 
munication path in the first approach, and then a resource 
can be reconfigured for the optimum communication path in 
the second approach or the third approach. 
0393. Further to any one of the embodiments above, the 
processor 102 is further configured: 
0394. If downlink data need to be transmitted to the radio 
node, to determine the first-hop secondary node connected 
directly with the radio node in the optimum communication 
path of the radio node, and to transmit the downlink data to 
the first-hop secondary node over a channel between the 
first-hop secondary node and the network an that the first 
hop secondary node forwards the downlink data to the radio 
node. 
0395. Further to any one of the embodiments above, the 
processor 102 is further configured: 
0396 To determine again an optimum communication 
path between the radio node and the network after the 
transceiver 10 receives a notification message transmitted by 
the first-hop secondary node connected directly with the 
radio node in the optimum communication path, wherein the 
notification message notifies the network side node that the 
first-hop secondary node is not capable of continuing with 
providing the radio node with a data forwarding service. 
0397 Those skilled in the art shall appreciate that the 
embodiments of the invention can be embodied as a method, 
a system or a computer program product. Therefore the 
invention can be embodied in the form of an all-hardware 
embodiment, an all-software embodiment or an embodiment 
of software and hardware in combination. Furthermore the 
invention can be embodied in the form of a computer 
program product embodied in one or more computer useable 
storage mediums (including but not limited to a disk 
memory, a CD-ROM, an optical memory, etc.) in which 
computer useable program codes are contained. 
0398. The invention has been described in a flow chart 
and/or a block diagram of the method, the device (system) 
and the computer program product according to the embodi 
ments of the invention. It shall be appreciated that respective 
flows and/or blocks in the flow chart and/or the block 
diagram and combinations of the flows and/or the blocks in 
the flow chart and/or the block diagram can be embodied in 
computer program instructions. These computer program 
instructions can be loaded onto a general-purpose computer, 
a specific-purpose computer, an embedded processor or a 
processor of another programmable data processing device 
to produce a machine so that the instructions executed on the 
computer or the processor of the other programmable data 
processing device create means for performing the functions 
specified in the flow(s) of the flow chart and/or the block(s) 
of the block diagram. 
0399. These computer program instructions can also be 
stored into a computer readable memory capable of directing 
the computer or the other programmable data processing 
device to operate in a specific manner so that the instructions 
stored in the computer readable memory create an article of 
manufacture including instruction means which perform the 
functions specified in the flow(s) of the flow chart and/or the 
block(s) of the block diagram. 
0400. These computer program instructions can also be 
loaded onto the computer or the other programmable data 
processing device so that a series of operational operations 
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are performed on the computer or the other programmable 
data processing device to create a computer implemented 
process so that the instructions executed on the computer or 
the other programmable device provide operations for per 
forming the functions specified in the flow(s) of the flow 
chart and/or the block(s) of the block diagram. 
04.01 Although the preferred embodiments of the inven 
tion have been described, those skilled in the art benefiting 
from the underlying inventive concept can make additional 
modifications and variations to these embodiments. There 
fore the appended claims are intended to be construed as 
encompassing the preferred embodiments and all the modi 
fications and variations coming into the scope of the inven 
tion. 
04.02 Evidently those skilled in the art can make various 
modifications and variations to the invention without depart 
ing from the spirit and scope of the invention. Thus the 
invention is also intended to encompass these modifications 
and variations thereto So long as the modifications and 
variations come into the scope of the claims appended to the 
invention and their equivalents. 

1. A method for determining a communication path, the 
method comprising: 

obtaining, by a radio node to access a network, an 
optimum communication path between the radio node 
and the network; and 

communicating, by the radio node, with the network over 
the optimum communication path obtained; 

wherein the radio node is instructed over the optimum 
communication path to access the network through at 
least one secondary node, and at least one of the at least 
one secondary node is a wired node connected directly 
with the network. 

2. The method according to claim 1, wherein obtaining, 
by the radio node to access the network, the optimum 
communication path between the radio node and the net 
work comprises: 

Selecting, by the radio node, one of nodes around the radio 
node with a function capable of providing another node 
with a data forwarding service as a first-hop secondary 
node through which the radio node accesses the net 
work, and which is connected directly with the radio 
node, and determining the optimum communication 
path between the radio node and the network as access 
ing the network through the first-hop secondary node: 

O 

determining, by the radio node, the at least one secondary 
node in the optimum communication path between the 
radio node and the network according to a preconfig 
ured correspondence relationship between the radio 
node and the secondary node, and determining the 
optimum communication path between the radio node 
and the network as accessing the network through the 
at least one secondary node; 

O 

receiving, by the radio node, the at least one secondary 
node, notified of by the network side node, selected by 
the network side node for the radio node, and deter 
mining the optimum commutation path between the 
radio node and the network as accessing the network 
through the at least one secondary node, wherein the 
network side node determines the optimum commuta 
tion path between the radio node and the network 
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according to obtained information about an access of 
the radio node to the network. 

3. The method according to claim 2, wherein selecting, by 
the radio node, one of the nodes around the radio node with 
a function capable of providing another node with a data 
forwarding service as the first-hop secondary node through 
which the radio node accesses the network, and which is 
connected directly with the radio node comprises: 

selecting, by the radio node, a node satisfying a preset 
condition from the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service as the first-hop secondary node 
through which the radio node accesses the network, and 
which is connected directly with the radio node; or 

transmitting, by the radio node, a first request message to 
the nodes around the radio node with a function capable 
of providing another node with a data forwarding 
service, and selecting one of the nodes as the first-hop 
secondary node through which the radio node accesses 
the network, and which is connected directly with the 
radio node, according to a received first response 
message returned by the at least one node around the 
radio node with a function capable of providing another 
node with a data forwarding service, wherein the first 
request message requests for an access to the network 
through the node receiving the first request message, 
and the first response message notifies the radio node to 
access the network of whether the node transmitting the 
first response message is capable of acting as a sec 
ondary node for the radio node to access the network. 

4. (canceled) 
5. The method according to claim 2, wherein before the 

radio node receives the at least one secondary node, notified 
of by the network side node, selected by the network side 
node for the radio node, the method further comprises: 

measuring, by the radio node, signals transmitted by the 
nodes around the radio node with a function capable of 
providing another node with a data forwarding service, 
and reporting measured first measurement results to the 
network side node to request the network side node for 
determining the optimum communication path for the 
radio node; or 

measuring, by the radio node, signals transmitted by the 
nodes around the radio node with a function capable of 
providing another node with a data forwarding service, 
and reporting those first measurement results satisfying 
a preset threshold among measured first measurement 
results to the network side node to request the network 
side node for determining the optimum communication 
path for the radio node; or 

transmitting, by the radio node, a detecting signal to the 
nodes around the radio node, wherein the nodes around 
the radio node measure the detecting signal upon 
reception of the detecting signal, and report measured 
second measurement results, or those second measure 
ment results satisfying a preset threshold among the 
measured second measurement results to the network 
side node to request the network side node for deter 
mining the optimum communication path for the radio 
node; or 

transmitting, by the radio node, a first request message to 
the nodes around the radio node with a function capable 
of providing another node with a data forwarding 
service, wherein the first request message requests for 
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an access to the network through the nodes receiving 
the first request message, and if the nodes receiving the 
first request message determine that they are capable of 

determining, by the radio node, a resource for use in 
communication with a first-hop secondary node con 
nected directly with the radio node in the optimum 

acting as secondary nodes for the radio node to access 
the network, then the nodes transmit second request 
messages to the network side node, wherein the second 
request messages notify the network side node that the 
nodes transmitting the second request messages are 
capable of acting as secondary nodes for the radio node 
to access the network. 

6. The method according to claim 2, wherein determining, 
by the radio node, the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service comprises: 

determining, by the radio node, that any one node trans 
mitting indication information has a function capable of 
providing another node with a data forwarding service, 
upon reception of a message carrying the indication 
information transmitted by the node, wherein the indi 
cation information indicates that the node has a func 
tion capable of providing another node with a data 
forwarding service; or 

transmitting, by the radio node, a first message to the 
respective nodes around the radio node, and determin 
ing that any one node transmitting a second message 
has a function capable of providing another node with 
a data forwarding service, upon reception of the second 

communication path, by negotiating with the first-hop 
secondary node; or 

transmitting, by the radio node, uplink data to be trans 
mitted to the network side node, to a first-hop second 
ary node connected directly with the radio node in the 
optimum communication path, wherein the first-hop 
secondary node transmits the uplink data to the corre 
sponding network side node over a channel between the 
first-hop secondary node and the network according to 
a locally stored mapping relationship between the chan 
nel of the first-hop secondary node to the network, and 
a channel of the first-hop secondary node to the radio 
node; and receiving, by the radio node, downlink data, 
from the network side node, transmitted by a first-hop 
secondary node connected directly with the radio node 
in the optimum communication path, wherein the first 
hop secondary node determines the radio node corre 
sponding to the downlink data transmitted by the 
network according to the locally stored mapping rela 
tionship between the channel of the first-hop secondary 
node to the network, and a channel of the first-hop 
secondary node to the radio node, and forwards the 
downlink data to the radio node determined, upon 
reception of the downlink data. 

9. (canceled) 
10. The method according to claim 1, wherein the method 

further comprises: 
if the radio node determines that a link quality between 

message returned by the node, wherein the first mes 
sage requests for the second messages to be returned by 
those nodes with a function capable of providing 
another node with a data forwarding service among the 
respective nodes around the radio node. 

7. (canceled) 
8. The method according to claim 1, wherein communi 

cating, by the radio node, with the network over the opti 
mum communication path obtained comprises: 

obtaining, by the radio node, from information precon 
figured by the network side node a resource configured 
by the network side for communication between the 
radio node and a first-hop secondary node connected 
directly therewith in the optimum communication path, 
and communicating with the first-hop secondary node 
over the resource configured by the network side node: 
O 

receiving, by the radio node, resource configuration infor 
mation transmitted by the network side node, obtaining 

the radio node, and a first-hop secondary node con 
nected directly with the radio node in the optimum 
communication path is below a preset threshold, then 
disconnecting from the first-hop secondary node, and 
reselecting a new optimum communication path for an 
access to the network; or 

if the radio node receives a notification message trans 
mitted by a first-hop secondary node connected directly 
with the radio node in the optimum communication 
path, then disconnecting from the first-hop secondary 
node, and reselecting a new optimum communication 
path for an access to the network, wherein the notifi 
cation message notifies the radio node that the first-hop 
secondary node is not capable of continuing with 
providing the radio node with a data forwarding ser 
W1C. 

11. A method for determining a communication path, the 
method comprising: 

determining, by a network side node, any one radio node 
to access a network; and 

determining, by the network side node, an optimum 
communication path between the radio node and the 
network, wherein the radio node is instructed over the 
optimum communication path to communicate with the 
network through at least one secondary node, and at 
least one of the at least one secondary node is a wired 
node connected directly with the network. 

12. The method according to claim 11, wherein determin 
ing, by the network side node, the optimum communication 
path between the radio node and the network comprises: 

selecting, by the network side node, those nodes satisfy 
ing a preset condition from the respective nodes located 
around the radio node and capable of providing another 

a resource configured by the network side node for 
communication between the radio node and a first-hop 
secondary node connected directly therewith in the 
optimum communication path, and communicating 
with the first-hop secondary node over a resource 
reconfigured by the network side node; or 

reporting, by the radio node, the amount of data to be 
transmitted by the radio node, to the network side node: 
and receiving, by the radio node, resource configuration 
information transmitted by the network side node, 
obtaining a resource configured by the network side 
node for current communication between the radio 
node and a first-hop secondary node connected directly 
therewith in the optimum communication path, and 
transmitting the data to be transmitted, to the first-hop 
secondary node over the resource configured by the 
network side node; or 
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node with a data forwarding service, by measuring in 
advance, determining the at least one secondary node in 
the optimum communication path between the radio 
node and the network according to paths between the 
Selected respective nodes and the network, and config 
uring the radio node and the selected respective sec 
ondary nodes respectively with a correspondence rela 
tionship between the radio node and the selected at 
least one secondary node; 

O 

determining, by the network side node, the optimum 
communication path between the radio node and the 
network according to obtained information about an 
access of the radio node to the network. 

13. The method according to claim 12, wherein determin 
ing, by the network side node, the optimum communication 
path between the radio node and the network according to 
the obtained information about an access of the radio node 
to the network comprises: 

receiving, by the network side node, first measurement 
results reported by the radio node, selecting those 
nodes satisfying a preset condition from the respective 
nodes located around the radio node and capable of 
providing another node with a data forwarding service 
according to the received first measurement results, 
determining the secondary nodes in the optimum com 
munication path between the radio node and the net 
work according to paths between the selected respec 
tive nodes and the network, and notifying the radio 
node and the respective secondary nodes determined, 
wherein the first measurement results are obtained by 
the radio node measuring respectively signals transmit 
ted by the respective nodes around the radio node with 
a function capable of providing another node with a 
data forwarding service or 

receiving, by the network side node, a second measure 
ment result reported by at least one node around the 
radio node to access the network with a function 
capable of providing another node with a data forward 
ing service, selecting those nodes satisfying a preset 
condition from the respective nodes reporting the sec 
ond measurement results according to the received 
second measurement results, determining the second 
ary nodes in the optimum communication path between 
the radio node and the network according to paths 
between the selected respective nodes and the network, 
and notifying the radio node and the respective sec 
ondary nodes determined, wherein the second measure 
ment results are obtained by the nodes, around the radio 
node to access the network with a function capable of 
providing another node with a data forwarding service, 
measuring a detecting signal transmitted by the radio 
node; or 

receiving, by the network side node, a second request 
message transmitted by at least one node around the 
radio node to access the network with a function 
capable of providing another node with a data forward 
ing service, selecting those nodes satisfying a preset 
condition from the respective nodes transmitting the 
second request messages, determining the secondary 
nodes in the optimum communication path between the 
radio node and the network according to paths between 
the selected respective nodes and the network, and 
notifying the radio node and the respective nodes 
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determined, wherein the second request messages 
notify the network side node that the nodes transmitting 
the second request messages are capable of acting as 
secondary nodes for the radio node to access the 
network. 

14-17. (canceled) 
18. A radio node, comprising: 
a path obtaining module configured, if the radio node 

comprising the path obtaining module needs to access 
a network, to obtain an optimum communication path 
between the radio node and the network; and 
communicating module configured to communicate 
with the network over the optimum communication 
path obtained by the path obtaining module: 

wherein the radio node is instructed over the optimum 
communication path to access the network through at 
least one secondary node, and at least one of the at least 
one secondary node is a wired node connected directly 
with the network. 

19. The radio node according to claim 18, wherein the 
path obtaining module is configured: 

to select one of nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service as a first-hop secondary node 
through which the radio node accesses the network, and 
which is connected directly with the radio node, and to 
determine the optimum communication path between 
the radio node and the network as accessing the net 
work through the first-hop secondary node, 

O 

to determine the at least one secondary node in the 
optimum communication path between the radio node 
and the network according to a preconfigured corre 
spondence relationship between the radio node and the 
secondary node, and to determine the optimum com 
munication path between the radio node and the net 
work as accessing the network through the at least one 
secondary node: 

O 

to receive the at least one secondary node, notified of by 
the network side node, selected by the network side 
node for the radio node, and to determine the optimum 
commutation path between the radio node and the 
network as accessing the network through the at least 
one secondary node, wherein the network side node 
determines the optimum commutation path between the 
radio node and the network according to obtained 
information about an access of the radio node to the 
network. 

20. The radio node according to claim 19, wherein the 
path obtaining module configured to select one of the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service as the first-hop 
secondary node through which the radio node accesses the 
network, and which is connected directly with the radio node 
is configured: 

to select a node satisfying a preset condition from the 
nodes around the radio node with a function capable of 
providing another node with a data forwarding service 
as the first-hop secondary node through which the radio 
node accesses the network, and which is connected 
directly with the radio node; or 

to transmit a first request message to the nodes around the 
radio node with a function capable of providing another 
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22. The radio node according to claim 19, wherein the 
path obtaining module configured to determine the nodes 
around the radio node with a function capable of providing 
another node with a data forwarding service is configured: 

to determine that any one node transmitting indication 

node with a data forwarding service, and to select one 
of the nodes as the first-hop secondary node through 
which the radio node accesses the network, and which 
is connected directly with the radio node, according to 
a received first response message returned by the at 
least one node around the radio node with a function 
capable of providing another node with a data forward 
ing service, wherein the first request message requests 
for an access to the network through the node receiving 
the first request message, and the first response mes 
Sage notifies the radio node to access the network of 
whether the node transmitting the first response mes 
Sage is capable of acting as a secondary node for the 
radio node to access the network. 

21. The radio node according to claim 19, wherein the 
path obtaining module is further configured: 

before the at least one secondary node, notified of by the 
network side node, selected by the network side node 
for the radio node is received, to measure signals 
transmitted by the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service, and to report measured first mea 

information has a function capable of providing another 
node with a data forwarding service, upon reception of 
a message carrying the indication information trans 
mitted by the node, wherein the indication information 
indicates that the node has a function capable of 
providing another node with a data forwarding service; 
O 

to transmit a first message to the respective nodes around 
the radio node, and to determine that any one node 
transmitting a second message has a function capable 
of providing another node with a data forwarding 
service, upon reception of the second message returned 
by the node, wherein the first message requests for the 
second messages to be returned by those nodes with a 
function capable of providing another node with a data 
forwarding service among the respective nodes around 
the radio node. 

23. (canceled) 
24. The radio node according to claim 18, wherein the 

communicating module is configured: 
to obtain from information preconfigured by the network 

Surement results to the network side node to request the 
network side node for determining the optimum com 
munication path for the radio node; or 

before the at least one secondary node, notified of by the 
network side node, selected by the network side node 
for the radio node is received, to measure signals 
transmitted by the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service, and to report those first measure 
ment results satisfying a preset threshold among mea 
sured first measurement results to the network side 
node to request the network side node for determining 
the optimum communication path for the radio node; or 

before the at least one secondary node, notified of by the 
network side node, selected by the network side node 
for the radio node is received, to transmit a detecting 
signal to the nodes around the radio node, wherein the 
nodes around the radio node measure the detecting 
signal upon reception of the detecting signal, and report 
measured second measurement results, or those second 
measurement results satisfying a preset threshold 
among the measured second measurement results to the 
network side node to request the network side node for 
determining the optimum communication path for the 
radio node; or 

before the at least one secondary node, notified of by the 
network side node, selected by the network side node 
for the radio node is received, to transmit a first request 
message to the nodes around the radio node with a 
function capable of providing another node with a data 
forwarding service, wherein the first request message 
requests for an access to the network through the nodes 
receiving the first request message, and if the nodes 
receiving the first request message determine that they 
are capable of acting as secondary nodes for the radio 
node to access the network, then the nodes transmit 
second request messages to the network side node, 
wherein the second request messages notify the net 
work side node that the nodes transmitting the second 
request messages are capable of acting as secondary 
nodes for the radio node to access the network. 

side node a resource configured by the network side for 
communication between the radio node, and a first-hop 
secondary node connected directly therewith in the 
optimum communication path, and to communicate 
with the first-hop secondary node over the resource 
configured by the network side node; or 

to receive resource configuration information transmitted 
by the network side node, to obtain a resource config 
ured by the network side node for communication 
between the radio node, and a first-hop secondary node 
connected directly therewith in the optimum commu 
nication path, and to communicate with the first-hop 
secondary node over a resource reconfigured by the 
network side node; or 

to report the amount of data to be transmitted by the radio 
node, to the network side node; and to receive resource 
configuration information transmitted by the network 
side node, to obtain a resource configured by the 
network side node for current communication between 
the radio node and a first-hop secondary node con 
nected directly therewith in the optimum communica 
tion path, and to transmit the data to be transmitted, to 
the first-hop secondary node over the resource config 
ured by the network side node; or 

to determine a resource for use in communication with a 
first-hop secondary node connected directly with the 
radio node in the optimum communication path, by 
negotiating with the first-hop secondary node; or 

to transmit uplink data to be transmitted to the network 
side node, to a first-hop secondary node connected 
directly with the radio node in the optimum commu 
nication path, wherein the first-hop secondary node 
transmits the uplink data to the corresponding network 
side node over a channel between the first-hop second 
ary node and the network according to a locally stored 
mapping relationship between the channel of the first 
hop secondary node to the network, and a channel of 
the first-hop secondary node to the radio node; and to 
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receive downlink data, from the network side node, 
transmitted by a first-hop secondary node connected 
directly with the radio node in the optimum commu 
nication path, wherein the first-hop secondary node 
determines the radio node corresponding to the down 
link data transmitted by the network according to the 
locally stored mapping relationship between the chan 
nel of the first-hop secondary node to the network, and 
a channel of the first-hop secondary node to the radio 
node, and forwards the downlink data to the radio node 
determined, upon reception of the downlink data. 
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29. The network side node according to claim 28, wherein 
the second processing module configured to determine the 
optimum communication path between the radio node and 
the network according to the obtained information about an 
access of the radio node to the network is configured: 

to receive first measurement results reported by the radio 
node, to select those nodes satisfying a preset condition 
from the respective nodes located around the radio 
node and capable of providing another node with a data 
forwarding service according to the received first mea 

25. (canceled) Surement results, to determine the secondary nodes in 
26. The radio node according to claim 18, wherein the the optimum communication path between the radio 

path obtaining module is further configured: node and the network according to paths between the 
if it is determined that a link quality between the radio Selected respective nodes and the network, and to 

node, and a first-hop secondary node connected directly 
with the radio node in the optimum communication 
path is below a preset threshold, to disconnect the radio 
node from the first-hop secondary node, and to reselect 
a new optimum communication path for an access to 
the network; or 

if a notification message transmitted by a first-hop sec 
ondary node connected directly with the radio node in 
the optimum communication path is received, to dis 
connect the radio node from the first-hop secondary 
node, and to reselect a new optimum communication 
path for an access to the network, wherein the notifi 
cation message notifies the radio node that the first-hop 
secondary node is not capable of continuing with 
providing the radio node with a data forwarding ser 
W1C. 

notify the radio node and the respective secondary 
nodes determined, wherein the first measurement 
results are obtained by the radio node measuring 
respectively signals transmitted by the respective nodes 
around the radio node with a function capable of 
providing another node with a data forwarding service; 
O 

to receive a second measurement result reported by at 
least one node around the radio node to access the 
network with a function capable of providing another 
node with a data forwarding service, to select those 
nodes satisfying a preset condition from the respective 
nodes reporting the second measurement results 
according to the received second measurement results, 
to determine the secondary nodes in the optimum 
communication path between the radio node and the 
network according to paths between the selected 
respective nodes and the network, and to notify the 
radio node and the respective secondary nodes deter 
mined, wherein the second measurement results are 
obtained by the nodes, around the radio node to access 
the network with a function capable of providing 
another node with a data forwarding service, measuring 
a detecting signal transmitted by the radio node; or 

27. A network side node, comprising: 
a first processing module configured to determine any one 

radio node to access a network; and 
a second processing module configured to determine an 
optimum communication path between the radio node 
and the network, wherein the radio node is instructed 
over the optimum communication path to communicate 
with the network through at least one secondary node, 
and at least one of the at least one secondary node is a 
wired node connected directly with the network. 

28. The network side node according to claim 27, wherein to receive a second request message transmitted by at 
the second processing module is configured: least one node around the radio node to access the 

to select those nodes satisfying a preset condition from the network with a function capable of providing another 
respective nodes located around the radio node and 
capable of providing another node with a data forward 
ing service, by measuring in advance, to determine the 
at least one secondary node in the optimum commu 
nication path between the radio node and the network 
according to paths between the selected respective 
nodes and the network, and to configure the radio node 
and the selected respective secondary nodes respec 
tively with a correspondence relationship between the 
radio node and the selected at least one secondary node; 

to determine the optimum communication path between 
the radio node and the network according to obtained 
information about an access of the radio node to the 
network. 

node with a data forwarding service, to select those 
nodes satisfying a preset condition from the respective 
nodes transmitting the second request messages, to 
determine the secondary nodes in the optimum com 
munication path between the radio node and the net 
work according to paths between the selected respec 
tive nodes and the network, and to notify the radio node 
and the respective nodes determined, wherein the Sec 
ond request messages notify the network side node that 
the nodes transmitting the second request messages are 
capable of acting as secondary nodes for the radio node 
to access the network. 

30-32. (canceled) 


